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ANALYSIS OF HOUSEHOLD ELECTRICITY CONSUMPTION IN NONRESIDENT RENT 3 

HALLS USING LINEAR REGRESSION ANALYSIS MODEL 4 

ABSTRACT 5 

This project is based on electricity consumption pattern in rental houses around Kibabii University in 6 

Kenya. Because of unexpected blackout faced by nonresident students at the time they need electricity 7 

most for their studies, this work intends to find out the directive measure to curb this crisis. Since the 8 

usage of electricity showed high relationship to the number of household sharing a common meter, 9 

Regression analysis prove to be the most effective method to model a solution to this problem. SPSS was 10 

used to analyze the data that obtained. The results showed the consistency in linear trend of usage of 11 

electrical power on a monthly basis among students, it is observed also that the rate of consumption of 12 

power among nonresident students of Kibabii University is affected by the number of household sharing 13 

the meter. The consequence of this study is that with the correct data in place one is able to know the 14 

amount of power in kilowatt-hours (KWh) needed for consumption throughout the semester and plan 15 

effectively so that power loss is not experienced  16 

 17 

1.0 INTRODUCTION 18 

1.1 Background to the problem 19 

Energy is a key component in day to day operations of every sector. It makes all matter to move from one 20 

point to another. However it has to be generated, distributed and then used. At every point there are huge 21 

costs involved and as such the need to be as efficient as possible to get the maximum output. In Kenya 22 

electric power is generated by Kenya Electricity Generating Company Ltd (KenGen), Emergency Power 23 

Producers (EPP) Independent Power Producers (IPPs) and transmitted by Kenya Power and Lighting 24 

Company (KPLC). This power is transmitted country wide to the consumers. The Kenya’s demand for 25 

power is 1656MW during peak time, and with the country generating 1610MW. 26 

The Kenyan Government has accelerate electrification in the country through various initiatives which 27 

includes enhanced funding of the Rural Electrification Program, new connections’ financing revolving fund 28 

(Stima loan) by KPLC aimed at availing credit to potential customers who cannot afford to pay upfront 29 

the cost of new connections, transformer maximization where customers within a distance of 600m from a 30 

distribution transformer pay uniform connection charges. Line maximization initiative by KPLC whereby 31 

the Company has created a reinforcement fund for the extension of MV lines and installation of 32 

transformers within a reasonable distance to cover existing and potential customers. 33 



 

 

This has followed a quick response from the country inhabitant having applied the usage of electricity 34 

ranging from industrial, commercial and residential purposes like to run life support machines, to operate 35 

electric trains, also in homes for heating, cooling and lighting purposes among others. (K.P.L.C.) has 36 

been using a postpaid method where customers use electricity and pay their bill later after use. My 37 

interest of study begun with the introduction of pre pay method (tokens) where one pay and then amount 38 

of token corresponding to the cost given in return. 39 

Fellow nonresident students have undergone through hard time by use of this tokens. Most of them at 40 

times stay in darkness simply because the amount of token they paid for was finished, this often 41 

happened when they are not prepared and without even a single cent to pay for the token. This is a 42 

hindering factor towards success academic line since studying at night proves to be impossible without 43 

light. This has propelled me to undertake a research on regression analysis to study the rate at which 44 

nonresident students consume electricity. 45 

1.2 LITRATURE REVIEW 46 

Electricity demand in Kenya has been growing rapidly over the last five years, with the latest recorded 47 

demand values almost outpacing the projected demand. The core business of Kenya Power Lighting 48 

Company is to ensure, distribution, transmission and retail of electricity supplied in bulk from the Kenya 49 

Electricity Generating Company Limited (KenGen), Independent Power Producers (IPPs), Tanzania 50 

Electric Supply Company Limited (TANESCO) and Uganda Electricity Transmission Company Limited 51 

(UETCL). 52 

 Theoretically, electricity demand is a function of electricity price, number of electricity appliances, 53 

consumer incomes and number of household sharing a meter. Selection of the proper methodology and 54 

computer program for the electric energy demand forecasting is an extremely important task. A lot of 55 

studies over the world have been done in to establishment the correlation between electricity demand and 56 

other variables: 57 

In a report on Kenya’s energy demand, supply and policy strategy for households, small scale industries 58 

and service establishments (KEDSPHS), the Government of Kenya established that at household level, 59 

electricity is used for lighting by 99% of the households, entertainment (e.g. television, radios) by 90%, 60 

ironing of cloths by 69%, refrigeration by 35%, heating water by 26%, domestic cooking by 24%), home 61 

businesses by 16% and house heating by 9%. It further established that the national average household 62 

per capita consumption is 694 KWh/year with rural areas using 544 KWh/year and urban 844 KWh/year. 63 

Higher income urban households consumed the greatest amount of electricity (1,352 KWh/year) and the 64 

low income least (606 KWh). The middle income class in urban areas consumed 931 KWh/year [1]. 65 

In the Government report for Well-Being in Kenya, KNBS [2008] the majority of poor households have no 66 

access to electricity. Among the rural poor, only 0.7% was connected to electricity compared to 22.4% 67 

urban poor. Among the non-poor, 6.5% of households in the rural areas are connected to electricity 68 



 

 

compared to 62.0% non-poor in the urban areas. Fuel based (paraffin) lighting is the most preferred 69 

source of energy for poor and non-poor in rural areas. Further, 0.1% of the poor use electricity as the 70 

source of cooking fuel and 1.7% non-poor use electricity for cooking. The report further establishes that 71 

the expenditure for electricity for poor households was 5.2% of the total expenditure compared to 20% 72 

expenditure on electricity for the non-poor [2]. 73 

Houri and Ibrahim-Korfali did a study on residential energy usage trend in Lebanon urban areas and it 74 

showed that months and seasons have a great effect on consumption of energy. The study also indicated 75 

Correlations for the consumption of energy with income, apartment area, and number of residents [3].      76 

 Zhu, Guo, and Feng also carried out a study on the issue of energy consumption in households of China 77 

from 1980 to 2009 with VAR model. The Autoregressive Integrated Moving Average (ARIMA) and BVAR 78 

forecasting models were used. The results indicated that both of the models are good in predicting the 79 

sustained growth of household energy consumption (HEC) trends [4]. 80 

Saab and other colleagues did a study on the forecasting method on the electric energy consumption in 81 

every month in Lebanon. ARIMA and AR (1)  modeling methods were used together with a high pass 82 

filter. AR (1) is seen to be the best method for forecasting this particular energy data [5] 83 

Filippini and Pachauri (2004) did a regression study about electricity consumption on household 84 

expenditure, the mean prices of power and some other fuels and a set of other geographic and socio-85 

economic variables. The flexibility used to project electricity demand is based on future income and price 86 

scenarios [6]. 87 

1.3 Theoretical framework 88 

Demand for electricity consumption has been predicted using several methods among which are; time 89 

series regression, econometric, end-use and neural networks. Each of these methods contain its 90 

importance and disadvantages in terms of precision, complexity and suitability. 91 

1.3.1 Time series regression 92 

In time series method, the variable to be predicted is expressed purely as a function of time. If E is taken 93 

to represent demand and F is the function, t is the time and C a constant. Then 94 

E (t) = F (t) + C           (1.3.1.1) 95 

The time series regression’s main advantage is its simplicity. Its main disadvantage is that it ignores 96 

social, economic, demographic, weather, policy and other causal factors that could greatly influence the 97 

demand. The cause and effect relationships are not therefore taken into account. Time series regression 98 

is suitable for generating short and medium term forecasts. 99 

1.3.2 Econometric Methods 100 

The econometric method combines the theory of economy with the statistical methods in production of 101 

system of equations used for forecasting the demand of power. Power demand is expressed as a function 102 



 

 

of different economic factors. If In (income) and Pr (price), Pp (population), Tn (technology), and Ov (other 103 

variables), then the demand D is given by 104 

D = F (In, Pr, Pp, Tn, Su, Ov)      (1.3.2.1) 105 

The main disadvantage of econometric methods is that they require a consistent set of data and 106 

information over a reasonably long period of time (over 10 years) and above. This is critically important to 107 

establish long-term relationships between the variables involved. The other disadvantages include the 108 

need for use of prescribed values (e.g. growth rates, inflation etc.) that are not accurate and disregard of 109 

policy measures and economic shocks that certainly result in change of behavior of the variables being 110 

explained. Econometric methods are suitable for generating long term forecasts. 111 

1.3.3 End-use Methods 112 

The end use model was developed in the late 70’s after the oil shock due to the need for accurate 113 

prediction. Many countries, like France, Nordic Countries, Thailand and some states in the USA have 114 

used the end use model for analysis of their electricity demand successfully. However, end use models 115 

have difficulties especially in obtaining data. 116 

This method captures the impact of ownership and energy usage patterns of various electrical appliances 117 

and systems. For domestic sector, end-use method focuses on electricity usage for lighting, heating, 118 

cooking, ICT, refrigeration etc. The basis of this method is that power is required for the service it delivers. 119 

For households, the power demand per household per appliance is given by; 120 

e = p x h;         (1.3.3.1) 121 

 E=energy demand of an appliance in kWh; h is hours of appliance use. 122 

 p = power consumption or rating of an appliance in kW. 123 

For the domestic sector the energy demand would be given by the equation 124 

E = N*S*P*H              (1.3.3.2) 125 

Where 126 

E = energy demand of an appliance in kWh 127 

S = penetration level in terms of number of such appliances per household 128 

H = hours of appliance use, N = Number of households in the sector. 129 

P = power consumption or rating of an appliance in kW. 130 

The fact that this method considers improvements in efficiency of utilization rates, energy use, inter-fuel 131 

substitution and others gives it its major advantage. In such sectors as these are taken in the power 132 

requirement by the appliance, P. This approach explicatively captures economic and policy effects. For 133 

example growing income would be reflected in the increased number of households getting connected, 134 

the increase in penetration level of appliances and eventual increase in demand.  135 



 

 

Its’ disadvantage is that it requires a high level of detail on every end-uses. It also does not give regard to 136 

the variations in the consumption pattern by consumers as a result of changes occasioned by 137 

demographic, socio-economic and cultural factors among other factors. 138 

1.3.4 Hybrid Methods 139 

To achieve greater precision in forecasting, it is common to use a combination of econometric and time 140 

series methods. This hybrid method is associated with the advantage of establishing reasonable 141 

relationships as in econometric methods along with the relationship of dependency from time series 142 

approach. Various functional forms such as linear, quadratic, log-linear etc. are used to capture the 143 

possible trends that are evident from the data. A trial and error process is used to arrive at the functional 144 

form of a model. The model is thereby tested through making forecasts for the last short time periods for 145 

which actual data is available. 146 

A hybrid of the econometric and the end-use methodology though not common would accommodate the 147 

integration of the behavioral and physical factors in the forecasts. The econometric relationships would 148 

capture the influence of economic and policy factors while the end-use would accommodate new end-149 

uses, alternative fuel mixes and penetration of appliances and technologies. 150 

 151 

1.4 Statement of the problem 152 

The main mission of Kenya Power Lighting Company is to supply  people with power for good and better 153 

lives with the vision of providing world-class power that delights its’ customers. Despite all these efforts, 154 

power cut-off has been observed as a critical issue in most areas with the outcomes being terrible. This 155 

makes the company lose a lot of profit the customers also suffering severely. Due to this, a study had to 156 

be done about the rate at which customers (residents living around Kibabii university) consume power. 157 

 158 

1.5 Objective of the study 159 

i. To determine the rate at which different number of households consume electricity. 160 

ii. Develop a statistical model to predict the energy consumption patterns. 161 

iii. To establish a solution to power cutoff problem. 162 

1.6 Significant of the study 163 

The findings of this research will assist nonresident students to plan effectively as their semester begins 164 

so that they don’t miss power. This will also be useful for the university in such a way that through this 165 

prediction, the administration will predict amount of electricity they need to operate their machines. Kenya 166 

Power Lighting Company will benefit in such a way that the data obtained will be used to calculate the 167 

amount of energy needed to supply their customers without gap. Hence the study is of great significance. 168 



 

 

 169 

3.0 RESEARCH METHODOLOGY 170 

3.1 Introduction  171 

This chapter explains the methods used to formulate the extraction and analysis of data from source 172 

population it gave a clear picture that lead to the conclusion of the true rate of consumption of electrical 173 

energy among households, the outcome of this research intended to find solution to prevailing inefficiency 174 

in power supply using a mathematical model 175 

3.2 Research design 176 

This research uses linear regression to model the rate of household electricity consumptions of rental 177 

houses around Kibabii University. Performance evaluation of this model is carried out using the Root 178 

Mean Square Error (RMSE) and coefficient of determination (r2).  179 

3.3 Linear Regression analysis 180 

3.3.1 The Least square line 181 

When two variables (x, y) have a linear relationship, the scatter plot tends to cluster around a least 182 

squares line. With this linear trend, conclusions are drawn basing on the two variables under study. The 183 

line gives a mathematical model inform of a linear regression equation shown below; 184 

 =a + b +         (3.3.1.1) 185 

   is the dependent variable; xi is called the independent variable 186 

a and b are called the intercept and the regression coefficient respectively 187 

 is called the  error term 188 

With the stronger assumption of error terms being normally distributed (having a mean equal to zero; 189 

μ=0 and a constant variance σ2) and random and independent, the estimate of the intercept and 190 

regression coefficients can be obtained by;  =a + b     where a and b are 191 

     b=          a=  - b ̅         (3.3.1.2) 192 

Where     and    are the variance of x and covariance between (x, y) respectively, these values 193 

can also be calculated from the formulae 194 

S ∑x
∑

                     S ∑xy
∑ ∑

       (3.3.1.3) 195 



 

 

3.3.2 Goodness of fit statistic 196 

This is a quantity that measures how best a model gives a clear explanation for some given set of data. 197 

The Correlation coefficient (r) measures the extent of strength of linear relationship between some two 198 

variables say x and y. ɤ has some limitations, Coefficient of Determination (ɤ2) is therefore used and it 199 

shows the percentage of variations in the dependent variable which is explained by independent 200 

variables. Both ɤ and ɤ2 will be computed as follows;                     201 

  r = 
	

 and          = where     	 =∑ -
∑

     (3.3.2.1) 202 

When the value of r approaches -1, it indicates that the variables x and y have a strong correlation and 203 

are negatively related. But if it approaches +1, then it shows a strong positive relationship. 204 

3.3.3 The Standard Deviation Error 205 

 is the standard error and can be used to obtain the confidence interval for b given the level of 206 

significance (α), the area in each tail for t distribution given by (α/2) with (n-2) degrees of freedom, the 207 

confidence interval for b will be  208 

  b	    where;   =   and          =      (3.3.3.1) 209 

3.4 Population of the Study 210 

Population is the complete enumeration of individuals with common features under the study according to 211 

Mugenda and Mugenda (1999). The study population consisted of the nonresident students of Kibabii 212 

University using electricity in their hostels majorly those who share a common smart meter to pay for their 213 

tokens. 214 

3.5 Data Collection 215 

Primary source of data was used; the readings from a smart meter were recorded one month for all the 216 

households selected for the experiment. Most households follow a monthly routine, this imply that 217 

monthly energy-consumption data is classic for research. Although the residence of the building and the 218 

heating patterns might vary throughout the month, the patterns are usually fairly consistent from one 219 

month to the next  220 



 

 

Figure 3.1 Figure 3.2    221 

3.6 Sampling procedures 222 

The Cluster sampling technique was used in this study. Kibabii University area as a population under 223 

study has numerous households and may take time to prepare the list of all this houses. It will therefore 224 

be subdivided into finite number of distinct and identifiable units, called regions (i.e. Tuuti, Booster, 225 

Sewage and Dominion). These regions formed part of our clusters. 226 

Due to resource and time constraint and so as to minimize errors it was not possible to study the entire 227 

population, therefore a manageable sample was selected. This was obtained using the coefficient of 228 

variation which tends to remain stable over time with an increase in population as the sample size (n) 229 

increases. Using 30% coefficient of variation(C) which is allowed in most surveys and fixing the sample 230 

error (e) at 5% .during the pre-visit the population size (N) was approximated to be 1000 households, the 231 

sample was then calculated as  232 

1 ²
 

			
∗ .

. ∗ . ²
    =34.78 ≈ 35    (3.6.1) 233 

3.7 Assumption 234 

This study is based on the assumption that in linear models the error terms  are: 235 

i. Random and independent. 236 

ii. Normally distributed with Ε ( )  =0 and Var ( ) = σ2.(homoscedasticity) 237 

iii. Linearity 238 

 239 

 240 

 241 

 242 
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 245 

4.0 DATA ANALYSIS AND INTERPRETATIONS 246 

 247 

4.1 Introduction 248 

This chapter presents the analysis and interpretations of the data collected. The research was conducted 249 

on a sample of 35 households within the Kibabii University surrounding, who happens to be the residents 250 

of houses that use electricity to which observations were used to gather data in this residential areas.  251 

4.2 Data analysis 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

Table 4.1 261 

 262 

Table 4.2 263 

 264 

 265 



 

 

Table 4.3 266 

 267 

 268 

 269 

 270 

Figure 4.1 271 

 272 



 

 

  273 

Figure 4.2 274 

4.3 Interpretation of Data 275 

Regression model 276 

 277 

The collected data was used to obtain the linear regression model which showed the relationship 278 

between the independent variable number of household and the dependent variable, the amount of power 279 

consumed in kilowatts per hour .The model was of the form ; 280 

 =a+   Where 281 

 –The amount of electricity consumed in kilowatts per hour 282 

a –Intercept (constant) 283 

b – Regression coefficient due to number of household 284 

– The number of household using electricity 285 

 286 



 

 

Linear regression model was used and the independent variables have been entered into the equation 287 

accordingly. The coefficient of regression model is given in the table 4.4 of coefficients that is in the 288 

column of unstandardized coefficient labeled B. 289 

Coefficient for number of household (b) = 1.139 290 

Constant (a) =1.1203 291 

 Therefore the regression model becomes  292 

1.1203+1.139   293 

	(Electricity consumed) =1.1203+1.139  (number of household) 294 

 295 

 296 

 297 

Checking the assumption 298 

Normality: This is checked using normal probability plot, almost all the points lie at a realistic straight 299 

diagonal line (from left to top right) which suggest that there is no major deviation from normality. 300 

Linearity: This is shown by almost all points lying on a straight line in a normal probabilistic plot. Also in 301 

the scatter plot the points roughly are roughly rectangular distributed where almost all the points lie on the 302 

center line. 303 

Outliers: Outliers are values which are higher or lower than the other values in the data set. There is no 304 

presence of outliers in this data. This is because in the scatter plot the points are seen almost at the same 305 

cluster.  306 

 307 



 

 

 308 

Correlation 309 

Correlation describes the nature and strength of the relationship among different regression variables. 310 

The table below shows that there exists a positive correlation between the two variables, i.e. dependent 311 

and independent. The correlation coefficient for the number of household is 0.93 which shows that there 312 

is a positive correlation between the two variables which is interpreted statistically as; electricity 313 

consumption increases as the number of households increase. 314 

 315 

 316 

 317 

Coefficient of determination (r2) 318 

In the model summery table, the values given under the heading R square tells how much of the variance 319 

in the dependent variable (electricity consumed in kilowatts per hour) is explained by the model (number 320 

of households). With this value equivalent to 0.856 and expressed as a percentage 85.6% shows that the 321 

number of household explains 85.6% of the electricity consumed in kilowatts per hour. Adjusted r square 322 

shows the correct square of the big population value for the population which is 0.861 323 



 

 

Statistical significant 324 

To assess the statistical significant the result the researcher assessed the table labeled ANOVA. This test 325 

the null hypothesis that multiple R in the population equals to zero. Hence the regression model reaches 326 

the statistical significance (Sig= .000, this really since 0.00<0.05) 327 

 328 

 329 

 330 

Summary of the findings 331 

The purpose of this study was to investigate the best prediction model for measuring the amount of 332 

electricity consumed using different number households within Kibabii university area. Data of the study 333 

was collected from 35 households. It was proved that the best fit regression model was 334 

Electricity (estimated unit) =1.1203+1.139*(number of household) 335 

 336 

5.1 Conclusion 337 

The researcher discovered that the electricity amounts consumed by Kibabii university students varied 338 

within different households. The regression model drawn from the data collected was fit to predict the 339 

future energy consumption pattern. It was shown that number of household affected amount of power 340 

used. 341 

  342 

343 
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