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1.0	INTRODUCTION
1.1 Background of the Study
The power electricity synchronous machines have the features of starting control mechanism in order to execute its operation. For example, an induction motor can be triggered or halted making the switch on or off and its speed can be conveniently controlled over wide range with simple arrangements. 
The historical and the present- day development of mankind are interlinked with energy, and this will be helpful in the generation of electrical energy. Hence, this occupies the highest hierarchy in electrical system. This gives rooms for significant uses in domestics, industrial, farming and transportation. Besides its use in homes, industrial and commercial purposes it is required for increasing defense and agricultural production. In agriculture, this is useful for irrigation water supply and improving the methods of production and numerous other operations. 
At present about three- fourth of the accumulation of energy still used, is in non- electrical form but because of numerous advantages, electricity will account for a greater allocation of the cumulative consumption in the shortcomings. It is expected that the electricity demand will continue to go up for many years to come in a well developed countries (Donald et al, 2018). 
Electric Power Load Forecasting (EPLF) is a rapid process within the management of electrical power and the operation of the power systems. Precise and reliable forecasting will lead to economical savings during operation and reduce maintenance costs. This will lead to improvement on the reliability of power supply and delivery system. Power load demand is accessible during periodic consumption and accumulation of the hourly, daily, weekly, monthly and yearly periods. (Almeshaiei and Soltan, 2015).
1.2.    Statement of the Problem:
Electricity is in high demand across the globe and Osogbo cannot be exempted. Average scale enterprises need electrical energy at night and during the day, domestic consumers use the same for cooking, lighting and recreation. The demand for electricity supply was not met by the consumers due to some factors, one of such is the overloading of the distributions transformers, whenever the maximum rating of the substation transformer is exceeded, there would be interruption in supply. To curb this, a model for distribution load pattern is proposed for Odi-Olowo and Ikirun road distribution substations which will forecast load demand in the future.
1.3    Aim and Objectives:
Aim:
The aim of this research is to develop a model for the distribution load demands pattern of Odi-Olowo and Ikirun road substations within Osogbo metropolis, Osun State with the goal of forecasting load demand in the future.
Objectives:
The objectives are to: 
i. collect peak loads from the hourly readings of the two distribution substations                                                            
ii. perform regression analysis on the collected peak loads.
iii. develop a mathematical model to describe the load pattern, and
iv. use the load pattern to forecasting future load demand.
1.4 	Justification of the Study
The implementation and economic viability of a power system depend greatly on the accuracy of the short and the long term period forecasting of the electrical load demand. This work is expected to generate results that will help supply authority meet the ever increasing load demand of both domestic and industrial consumers want uninterrupted power supply.                                                                                                                            
1.5 	Scope of the Study    
This study focuses on power overloading in GRA, Ilesa road, OSBC, Gbongan road, Obelawo area, Oluode area, Igbona and National Control Center, Osogbo .

2.0	LITERATURE REVIEW
2.1 	Substations
For electric generation, transmission and distribution networks, substations are important components. Essentially, substations convert high to low voltage and low to high voltage. Furthermore, substations reduce the power consumption from generating stations. Electrical power can also be transferred between the generating plant and consumers by various substations, and the voltage can be adjusted in several steps (Messalti et al., 2013).
2.1.1	Distribution Substation
A substation moves power to an area's distribution system from the transmission system. Unless they use huge power supplies the distribution station lowers voltage to a level appropriate for a regional decentralized supply (Pedregal, 2014) it is far from feasible to connect energy users to the primary transmission network immediately.
In many areas, unnecessary voltage switchings and low voltage backup systems are complicated substations. Less frequent supply substations are fitted with a switch, transformer and low-voltage centers. Transportation power from substations to the premises of the user (Lourenco 2014). Switch electricity from substations.
2.1.1.1 The Components of a Distribution Substation
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Figure 2.1: Voltage Transformers (Courtesy of trendy electric powered, Distribution systems, Substations, and Integration of Disbursed Generation (Lourenco, 2014)
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Figure 2.2 Diagram of An Outdoor Switch-Gear Busbar (Courtesy of General electric powered, Distribution systems, Substations, and Integration of disbursed era. (Lourenco, 2014)
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Fig 2.3: Switchgear (a) Switchgear Control Panel (Quintana, 2013 )
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(b) Hybrid Switchgear ( Quintana, 2013)
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     Figure 2.4: Circuit Breaker  source: (Soares et al, 2016)


3.0	METHODOLOGY
3.1 	Data Collection
The IBEDC transformer readings were taken from January 2009 to December 2015. Peak hourly readings were extracted from the hourly reading sheets of the IBEDC. The transformers were labeled T1, T2, and T3 respectively as seen in Figures 3.1 and 3.2 respectively. T1 and T2 are at Odi – Olowo distribution station while T3 is at Ikirun road Distribution station respectively. 
3.2	Statistical Tools
3.2.1	Data Editing
	The relevant data obtained in each solution were recorded, sorted, summarized and arranged on daily basis. 
3.2.2	Data Transformation
The data collected on daily basis for the study were transformed. Microsoft Excel package was used for data transformation. The formula for the transformation is:

                                         					(3.1)
Where A is the actual reading in Amps and P is total power in MVA
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Figure 3.1 Osogbo Township Odi-Olowo Distribution Substation Network
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Figure 3.2: Osogbo Township (Ikirun road) Power Line Distribution Substation Network.
	
4.0	RESULTS AND DISCUSSION
4.1 	Scattered Plots
To determine the linearity of the developed statistical data, a scattered plot which was illustrated in Figure 4.1. This graph illustrate the linear correlation between the load of the transformer and date. This plot was generated using the Microsoft office Excel 2014 package using forecasting data.























[image: ]






[bookmark: _GoBack]Figure 4.1 : Scattered Plot Illustrating the Correlation Between the Transformer Loads and Date
5.0	CONCLUSION AND RECOMMENDATIONS
5.1	Conclusion
The drive for this work is simply the problem of high electricity demand that resulted in overloading of distribution transformers in Osogbo and its environs. Consequently, this work was set out with the goal of modeling the distribution of load demand pattern in Odi-Olowo and Ikirun substations within Osogbo, Osun State by forecasting load demand in the future. In attempts to meet the objectives of this work, peak loads from the hourly readings (between January 2009 and December 2013) of the two distribution substations were collected from IBEDC. The transformers were labeled T1 and T2 for Odi – Olowo distribution station while T3 is for Ikirun road distribution station. The data collected were analyzed and prepared using the SPSS (Statistical Packages for Social Science). Statistical analysis of linear regression, variance (ANOVA), and correlation were used. 
Resulting from the analysis of the data, the modelling of the  equations were evaluated for the transformers using least square method, a test of significance was derived and experimented for best line of fit or surface. The end result of the regression evaluation confirmed  that there has been a  linear relationship between the transformers load demand and dates as indicated by scattered plot generated. The regressional value suggests a strong positive linear relationship between date and co ad.  The final output of linear correlation based on Pearson correlation gave a correlation coefficient of 0.66 between transformer and date, 0.665 between transformer 2 and date and 0.446 between transformer 3 and date. The result of Analyses of variance (ANOVA) indicates about 43.7%, 43% and 19% variation of  load data in T1, T2 and T3 respectively. 
5.2	Recommendations
Arising from the success recorded in this work, it is suggested that the following should be addressed for further development:
i.  There should be a link between research work of this nature and the utility company to enhance better performance.
ii. The data range should be extended to further show the efficiency of the maximum load demand.
The mathematical model should be tested under wide coverage area with the goal of achieving general result.
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ABSTRACT

	Electrical energy occupies the top position in the energy hierarchy and its demand is not always met in Osogbo due to overloading of distribution transformers. In the past, several methods have been used to solve the problem of load demand and forecasting like Parametric Methods, Trend Analysis, Isolated Area Load Forecasting, Long and Short Time Load Forecasting. These methods are often inaccurate since an expensive overestimation of load demand results in substantial investment for the construction of excess power facilities, while underestimation leads to customer dissatisfaction. This work aimed to model the distribution load pattern of Odi-Olowo and Ikirun road distribution substations in Osogbo, Osun state for the purpose of forecasting load demand for the future.

	Transformer readings were taken from three transformers from January 2009 to December 2011. The readings were the peak hourly readings in Amps as documented by the  power holding conpany of Nigeria (PHCN). The data were recorded and arranged on daily basis. It was transformed using Microsoft Excel Package. A scatter diagram was plotted with the transformed load in (MVA) on the vertical (y) axis and the dates on the horizontal (x) axis using the Statistical Package for Social Science (SPSS) version 17. “Best line of fit or surface” was drawn using the least square method, a test of significance was conducted for each of the fitted line or surface and model equations were obtained for the three transformers. 

	The scatter diagram shows a linear relationship between transformer load demand and date, Correlation coefficient of 0.661, 0.665 and 0.446 were obtained for transformer 1,2 and 3 respectively.  Analysis of Variance  indicated about 43.7%, 43% and 19% of the variation in capacity of transformers 1, 2 and  3 respectively. Linear models were obtained for forecasting  load power distribution.

	The predicted results showed a high degree of closeness for the distribution load pattern of the three transformers.The model developed can be used to determine the load pattern of electrical distribution substation which will assist utility companies in efficient operation planning.
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1.0	Introduction

Electrical load demand has been an important risk management and planning tool for electric utilities ever since the conception of forecasting (Hinman and Hickey, 2009). Any electric power supply company has several strategic objectives. The main goal is to provide targeted users (market demands) with safe and reliable electricity. Electricity energy unlike most products cannot be stored in the form it is produced, and hence when it is demanded.  Electric Power Load Forecasting (EPLF) is a rapid process within the management of electrical power and the operation of the power systems. Precise and reliable forecasting will lead to economical savings during operation and reduce maintenance costs. This will lead to improvement on the reliability of power supply and delivery system. Power load demand is accessible during periodic consumption and accumulation of the hourly, daily, weekly, monthly and yearly periods. (Almeshaiei and Soltan, 2011).

The electrical load demand is grouped according to the planning horizon’s period: this is applicable to 1 day/week ahead for short-term period, 1 day/week to 1 year ahead for medium-term period, and in addition to 1 year ahead for long-term period (Predregal and Trapero, 2010). Short-term forecasting was used for scheduling the load and transmission of power. This leads to enhancement of the safety and economic development of the power systems, which plays a prominent role in power planning of regions or areas under the control within the electrical grid system (Qingqing et al, 2010). 

Electricity is in high demand across the globe and Osogbo cannot be exempted. Average scale enterprises need electrical energy at night and during the day, domestic consumers use the same for cooking, lighting and recreation. The demand for electricity supply was not met by the consumers due to some factors, one of such is the overloading of the distributions transformers, whenever the maximum rating of the substation transformer is exceeded, there would be interruption in supply. To curb this, a model for distribution load pattern is proposed for Odi-Olowo and Ikirun road distribution substations which will forecast load demand in the future.

The aim of this research is to develop a model for the distribution load demands pattern of Odi-Olowo and Ikirun road substations within Osogbo metropolis, Osun State with the goal of forecasting load demand in the future.

Objectives:

The objectives are to: 

i. 	collect peak loads from the hourly readings of the two distribution substations                                                            

ii. 	perform regression analysis on the collected peak loads.

iii.	develop a mathematical model to describe the load pattern, and

iv. 	use the load pattern to forecasting future load demand.

This study focuses on power overloading in GRA, Ilesa road, OSBC, Gbongan road, Obelawo area, Oluode area, Igbona and National Control Center, Osogbo .

2.0	Literature Review

2.1 	Substations

Substations are important components in electrical generation, transmission and distribution systems. In essence, substations transform voltage from high to low or from low to high. Substations additionally deprive electric power from generating stations to consumption centers. Electric power may also flow through numerous substations between the generating plant and the consumers and the voltage can be modified in several steps (Messalti et al, 2013).





2.2 	Forecasting

Forecasting is the process of making statements approximately events whose actual consequences have not yet been found. On the coronary heart of any right making plans and effective management programme for any machine is the requirement for suitable forecasts of future circumstance of such equipment. Electricity forecast will pass a protracted manner to provide useful records to distribution device peak management for correct choices concerning foremost dedication which includes changing components, including new prime, exhibiting new protection features and so forth. The primary hassle facing all forecasters is the transformation of past information into future projections.

	A number of quantitative forecasting strategies are available for making predictions primarily based on statistical analysis. These consist of Regression analysis, Exponential smoothening method, Brown’s Discounted Least Squares, box and Jenkins Time collection method and so on. For this study, the regression analysis using least square method is considered (Al-shareef and Abbod, 2010).

	The regression analysis can be used to determine the burden demand pattern, in addition to load demand forecast or load growth prediction. Regression analysis entails growing systemically model equations based on the available information that might be adequate to forecast the probable values of the electricity demand in the nearest destiny. Application of regression analysis to distribution system in Osogbo will pass an extended manner to help in ensuring a stable and reliable power delivery system.

2.3	Review of Related Works 

Many works have been achieved inside the past on Load Forecasting. Some of them are mentioned below: Farahat, and Talaat 2012 provided a new approach for short term period load forecasting (STLF) “short term Load Forecasting using  Curve fitting Prediction Optimized by Genetic Algorithms”. The approach was primarily based on Curve fitting prediction and time series models which have been used for hourly hundreds forecasting of the week days. The Curve Fitting Prediction (CFP) approach combined with Genetic Algorithms become used for acquiring the gold standard parameters of Gaussian version to achieve a minimal mistakes among actual and forecasted load. A new approach for deciding on the training vectors become delivered. The proposed model is simple, fast, and accurate. It is shown that the proposed approach provide very accurate hourly load forecast. Additionally it is proven that the proposed approach can provide greater accurate consequences than the conventional techniques. 

Lourenco and Santos, (2010) evolved a way for short-term forecasting based on Gausian method  version. This is a probabilistic non-parametric model that offers the prediction and the variance price of the prediction. The prediction price variance that depends on the data density and, noise can be viewed as the prediction degree of confidence and is the most important gain of this approach whilst in comparison to other models. A first-rate disadvantage of this model is the computational load associated with the want to invert the covariance matrix; whose dimensions depend on the dimensions of the records set and the number of regressions at every generation and the optimization set of rules.

Isaac et al, (2012) finished a studies on “Medium-term period Load Forecasting of Covenant University the use of the Regression analysis strategies”, electric load forecasting is principal to the financial and efficient provision of electric power to fulfill various load demands for a particular time period. It focuses on the medium-term load forecast of Covenant University, a Nigerian tertiary educational organization, using the methods of regression analysis. The hourly load records accrued from the university’s electric power substation is hired as the pattern information for the forecast. Three models based on the linear, compound-growth, and cubic strategies of regression analysis had been evolved, and the burden forecast effects acquired from those fashions are compared the use of the imply absolute percentage errors (MAPE) and root mean square errors (RMSE) overall performance metrics. It turned into discovered that, among these three models,  the linear model has the quality error margin: 0.5792 and 41.34 for MAPE and RMSE, respectively. Regression analysis of pattern Load information gathered between January 2012 and January 2013, results of the models used display a drastic decrease in load intake in the month of December. Because of this fuel deliver may be at the minimal throughout this period, and predominant renovation operation can take place well. Meanwhile, this drop in load intake bills for the large deviation in the forecast values for the three regression models.




3.0	METHODOLOGY

3.1 	Data Collection

The IBEDC transformer readings were taken from January 2009 to December 2011. Peak hourly readings were extracted from the hourly reading sheets of the IBEDC. The transformers were labeled T1, T2, and T3 respectively as seen in Figures 3.1 and 3.2 respectively. T1 and T2 are at Odi – Olowo distribution station while T3 is at Ikirun road Distribution station respectively. 

The current readings in Amps on the transformer is equivalent to the summation of the current readings in all the outgoing 11kV feeders according to Kirchoff’s Current law that states “the algebraic sum of currents in a node is equal to zero”. The readings are not published and the data is an unpublished secondary data.



3.2	Statistical Tools

3.2.1	Data Editing

	The relevant data obtained in each solution were recorded, sorted, summarized and arranged on daily basis. 

3.2.2	Data Transformation

The data collected on daily basis for the study were transformed. Microsoft Excel package was used for data transformation. The formula for the transformation is:





                                         					(3.1)

Where A is the actual reading in Amps and P is total power in MVA
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Figure 3.1 Osogbo Township Odi-Olowo Distribution Substation Network
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Figure 3.2: Osogbo Township (Ikirun road) Power Line Distribution Substation Network.



3.3    Method of Data Analysis

The data analysis software used is Statistical Packages for Social Science (SPSS) Version 17. Inferential and Descriptive statistics were used for the quantitative method of analysis. The descriptive statistical technique is the line chart while the inferential statistical techniques include linear regression, correlation and analysis of variance (ANOVA) and so on. The uses of these statistical tools are described as follows:

3.4.1     Procedures to Determine the Appropriate Model or Prediction Equation

i.	A statistical (scatter) diagram was plotted; of which independent variable x on the horizontal (x) axis and dependent variable on the vertical (y) axis,.

ii.	The “best line of fit or surface” was drawn with a statistical computer program using  Least Square Method

iii.	A test of significance was experimented for each of the fitted line or surface.

iv.	From (iii), the suitable model or prediction equations were determined for the transformers. 

3.4.2    Test of Significance: Bartlett’s Test for Equal Variance

The interest here is to prefer fitted curve with minimum square error. Bartlett’s test is used to establish if the variances under consideration are significantly different. It is appropriate to prepare the “Analysis of Variance (ANOVA) table”  in order to perform the test of significance,”.

The construction of ANOVA table depends on dependent and independent variable under consideration. For this purpose, the appropriate ANOVA table is shown on Table 3.1:

TABLE 3.1: ANOVA Table 



		Sources of variation

		Degree of freedoms

		  Sum of square

		    Mean square

		         F-cal



		Model

		      A

		     D

		      G

		I



		Residual (Error)

		     B

		     E

		      H

		



		Total

		     C

		     F

		

		


























Where:

A denotes the degree of freedoms (Numerator) df1

B denotes the degree of freedoms (Denominator) df2; B = C – A

C = Degree of freedom (Total); C = No of observations minus 1;







D =   Total sum of the squared deviations of the assumed value () from the mean value () of the experimented value y. This is the allocation  of the total variance which will be accounted by the independent variable X. D = F – E = A. G;

E = This is the residual sum of squares. This quantity represents  part of total variability that cannot be accounted for by the independent variable X and which is attributed to error. E = (F – D) = (B  H)



F = 					(3.4)

 Total sum of squares (SSTOTAL). This quantity is the absolute variation of the mean value y, and n = number of observance. F = (D + E)



G = 	     					(3.5)

A is uppermost degree of freedom expressed as df1



					(3.6)							

The quantity k is the number of independent variables in the mathematical model, H is mean square error (MSE) and expression [n – (k+1)] is the degree of freedom (denominator) designated by df2 and n = no. of observance



I = Fratio =               					 (3.7)									

Usually a test of significance is the comparative analysis of value of calculated F-ratio with the standard statistical tabulated F at significant value α.



4.0	RESULTS AND DISCUSSION

4.1 	Scattered Plots

To determine the linearity of the developed statistical data, a scattered plot which was illustrated in Figure 4.1. This graph illustrate the linear correlation between the load of the transformer and date. This plot was generated using the Microsoft office Excel 2010 package using forecasting data.
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		Figure 4.1 : Scattered Plot Illustrating the Correlation Between the Transformer Loads and Date.  

From the scattered plot generated in the Figure 4.1, it was shown that there exist a linear model between existing between the transformer load demand and the dates. The results shows that linear regression analysis  is positively correlated.



4.2	Correlation

After establishing the data that there exists a linear models within the variables, there is the need for the computation of the linear correlation r, of the distribution. This was obtained by running the data through a Bivariate Correlation using Statistical Data Editor package. Pearson Correlation coefficient was used; the output was generated as shown in Figure 4.2.




Table 4.1: Linear Correlation

		Correlations

		



		

		DATE

		TRANS1

		TRANS2

		TRANS3



		DATE

		Pearson Correlation

		1

		.728**

		.512**

		.379**



		

		Sig. (2-tailed)

		

		.000

		.000

		.000



		

		N

		1806

		1806

		1806

		1806



		TRANS1

		Pearson Correlation

		.728**

		1

		.465**

		.196**



		

		Sig. (2-tailed)

		.000

		

		.000

		.000



		

		N

		1806

		1806

		1806

		1806



		TRANS2

		Pearson Correlation

		.512**

		.597**

		1

		.237**



		

		Sig. (2-tailed)

		.000

		.000

		

		.000



		

		N

		1806

		1806

		1806

		1806



		TRANS3

		Pearson Correlation

		.379**

		.196**

		.237**

		1



		

		Sig. (2-tailed)

		.000

		.000

		.000

		



		

		N

		1806

		1806

		1806

		1806



		**. Correlation coefficient  is important at  0.01 level (2-tailed).

		










The output window of the SPSS package generated the correlation coefficients 0.661, 0.665, 0.446 as relationship between transformer1-Date, Transformer 2-date and Transformer3-date respectively as illustrated in Figure 4.2.  This value of (r) indicate a highly positively linear correlation since the value is positive and close to 1 except for the load distribution on trans3 which is far from.  The measured r indicates a highly positively linear correlation, the information points should be clustered closely approximately a definitely sloping regression line. This is regular with the graph obtained above. Therefore, in view that we see a study wonderful linear relationship between Date and Load, linear regression analysis can continue.



5.0	CONCLUSION AND RECOMMENDATIONS

5.1	Conclusion

The drive for this work is simply the problem of high electricity demand that resulted in overloading of distribution transformers in Osogbo and its environs. Consequently, this work was set out with the goal of modeling the distribution of load demand pattern in Odi-Olowo and Ikirun substations within Osogbo, Osun State by forecasting load demand in the future. In attempts to meet the objectives of this work, peak loads from the hourly readings (between January 2009 and December 2013) of the two distribution substations were collected from IBEDC. The transformers were labeled T1 and T2 for Odi – Olowo distribution station while T3 is for Ikirun road distribution station. The data collected were analyzed and prepared using the SPSS (Statistical Packages for Social Science). Statistical analysis of linear regression, variance (ANOVA), and correlation were used. 

Resulting from the analysis of the data, the modelling of the equations was evaluated for the transformers using least square method, a test of significance was derived and experimented for best line of fit or surface. The end result of the regression evaluation confirmed  that there has been a  linear relationship between the transformers load demand and dates as indicated by scattered plot generated. The regressional value suggests a strong positive linear relationship between date and co ad.  The final output of linear correlation based on Pearson correlation gave a correlation coefficient of 0.66 between transformer and date, 0.665 between transformer 2 and date and 0.446 between transformer 3 and date. The result of Analyses of variance (ANOVA) indicates about 43.7%, 43% and 19% variation of  load data in T1, T2 and T3 respectively. 

5.2	Recommendations

Arising from the success recorded in this work, it is suggested that the following should be addressed for further development:

i.  There should be a link between research work of this nature and the utility company to enhance better performance.

ii. The data range should be extended to further show the efficiency of the maximum load demand.

iii. The mathematical model should be tested under wide coverage area with the goal of achieving general result. 
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