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Abstract: This paper applies Generalized Linear Approach to model the factors affecting number of household 

energy sources for lighting and cooking in both peri urban and rural Kenyan households. The model uses data 

from 560 households to predict the number of household energy sources for lighting and cooking. Generalized 

linear model (GLM) on the factors affecting household’s number of used energy sources showed income as the 

principal determinant factor for both cooking and lighting. In addition, distance to the nearest firewood supplying 

shop and household sizes are the main influencing factors for cooking among rural dwellers while distance to the 

nearest LPG supplying shop and distance to the nearest charcoal supplying shops were also found to be the 

determinants among the peri urban dwellers. The results for lighting on the other hand indicate that household’s 

number of energy sources for lighting is sensitive to solar use, age and gender of the household head. Households' 

number of energy sources is mainly controlled by income. Policy makers require enough information on modeling 

of household energy use to come up with strategies for sustainable development. 
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I.   INTRODUCTION 

Access to adequate, clean and affordable household energy sources is essential for social economic development of any 

nation especially developing countries. Global statistics show that about 2.7 billion people consume solid biomass for 

cooking [1]. Continued dependence on conventional energy sources by households will have a serious impact on human 

health from indoor air pollution [2] [3] [4]. It will likewise affect the environment by forest degradation and enhanced 

carbon emissions in the atmosphere resulting from wood-fuel consumption [5] and that is why worldwide energy policies 

are increasingly focused on sustainable and renewable energy (RE) development. 

The East African region is reported to be one of the fastest growing areas in Africa but remains highly dependent on non-

clean energy sources (about 80 percent) [6] [7]. The above trends clearly show the extent to which clean energy potential 

benefits and opportunities are lost, particularly among the population. Biomass has been reported as the dominant source 

of energy in Kenya for decades, accounting for about 68% of the energy used [8]. Close to 75% of the population of 

Kenya relies on biomass sources to meet their cooking, heating and lighting requirements [9]. For these reasons the 

Kenyan government has embarked on a vigorous electrification programme to connect every household by the year 2022 

expanding current connection which stands at 70%.The government is also encouraging a shift to other modern fuels such 

as LPG and renewable energy (solar and biogas) especially in areas far from the national grid where electrification is not 

practical [10]. 

Household energy consumption accounts for 18% of total energy end-use worldwide beside industrial sector 51% and 

commercial sector 20% [11].  Household energy changing behaviour has been considered by numerous researchers and is 

now recognized as a vital tragedy for human society owing to its growing prevalence. Most studies have researched into 

the household energy utilization patterns and factors affecting the fuel choices using correlations [12] [13] [14] [15] [16] 
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[17] [18] [19] [20]. Despite the importance of renewable energy technologies in the daily lives of people, very few 

empirical studies of renewable energy consumption exist [21]. Furthermore, no attempts have been made to quantify the 

association between renewable energy consumption and other factors that influence the number of energy sources used in 

household. Also, little [22] [23] or no attention has been paid to model the complex interrelationships that exist among the 

various variables involved, especially for the effect of number of household energy sources. 

Relations between variables affecting household number of energy use are often more complex than simple bivariate 

relations between a predictor and a criterion.Analyzing household number of energy sources using GLM may be useful, 

as it describes simultaneous examination of the effects which are significant and allows for the investigation of more 

complex research [23]. GLM is used to test the association of an outcome with a predictor or to quantify the degree of 

association for given values of the predictors. The GLM suggested illustrates the overall impacts of explanatory variables 

that lead to predicting the outcome (number of household energy sources utilized). Therefore, it is a single model capable 

of helping researchers to better understand the relations and provide an overall evaluation of the constructs by utilizing a 

combination of characteristics.  

A better understanding of the different factors that affect the number of household energy sources will help to design 

interventions by both governmental and nongovernmental organizations working on energy and energy related issues.The 

study will also contributes to the limited but growing empirical evidence of household energy factors affecting the number 

of household energy sources. 

II.   METHODOLOGY 

Data on energy consumption behavior was collected by means of a household survey conducted in 2017 and 2018, using 

semi-structured questionnaires. Also, focus group discussions with local communities in both counties were conducted to 

provide additional information on household energy consumption. More specifically, the surveys included the collection 

of data on household sizes, number of energy sources used, gender of household head, average income, main livelihood, 

type and number of energy sources used, level of household satisfaction with energy sources, renewable energy use and 

accessibility (distance to nearest fuel collection point and number of energy sources supplying selling shops in the 

village).  

A generalized linear model was used to assess which factors have a significant effect on the number household of energy 

sources used by households at the study sites.  In modeling, households are assumed to be rational in their behavior when 

making household energy-choice decisions on the number of household’s energy sources to be used for cooking or 

lighting. The assumption is that a household selects a certain number of household energy sources in such a way as to 

maximize its satisfaction [25]  and enhance energy security.Where a household makes a choice j at a time, then Yij is the 

maximum utilized number of the fuel sources. The estimated GLM is as follows: 

P(Yij) = o + 1GNDi + 2AGEii + 3HHSi + 4INCi + 5LOCi + 6REDi + 7ACCi + 8 RENi+ 9DISi+ 10NOSi + 

11LOSi  + e………………………………………………………………….. (2) 

Where; P (Yi j) = the probability of choosing one of the number of household energy instead of the based category 

variable; i = the individual household;  = intercept,  = weights  of the factor, GNDi = gender of the head of household i; 

AGEi = age of the head of household i; HHSi = size of the household i; INCi = Average income of the of household i; 

LOCi = home location of the household i; REDi = Residential status; ACCi = distance to the nearest energy source 

supplying shops; RENi = Renewable energy use; DISi = Distance of the household i to energy source; NOSi = Number of 

suppliers in the village i; LOSi  = level of satisfaction; Xi = other factors; e = error term. 

Generalized linear modelsare nonlinear regressionand used to test the association of an outcome with a predictor, to 

quantify the degree of association, or to estimate the mean value of the outcome for given values of the predictors. 

III.   RESULTS AND DISCUSSIONS 

Characteristics of households in the survey 

Table 1(see appendix 1) presents the results show household characteristics between rural households and between peri-

urban in both counties. The regions were merged into two; peri-urban and rural household from both counties. 
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Number of different energy sources 

Table 1 presents the Number of different energy sources used for cooking and lighting. The study participants of both 

Peri- urban and rural under study had on average three number of household energy for cooking with low deviations from 

the mean. On the other hand, residences have two different energy sources for lighting on average. 

TABLE I:  NUMBER OF DIFFERENT ENERGY SOURCES 

  

Number of different energy sources 

used for 

Parameters Cooking Lighting 

Peri-urban / 

rural 
Mean (SD) Mean  (SD) 

Peri-urban  2.77 (0.85) 1.93  (0.78) 

Rural 2.79 (0.99) 2.44  (0.86) 

The results shows high diversification for energy sources for cooking than for lighting. 

Model for cooking 

Estimated models for rural and peri urban areas were generated using generalized linear model for the number of 

household (HH) energy sources for cooking. The overall model was significant when the omnibus test was applied for 

both peri urban and rural households (p – values were both 0.000 < 0.01).The equation for rural is as follows: 

y = 63.337 + 34.55HHs +239.22 INC +27.4 AGE +57.49 DFW + 29.47NCS + 24.58 NLS + 52.58 DLPG + 4.7 SLPG + 

12.988DISL +10.559DISF+ e     (2) 

The equation for peri – urban is as follows 

y = 62.02 + 55.67HHs + 254.9 INC + 20.19 AGE +66.73 DFW +81.01 DCS + 33.52NFS + 18.86 + 24.58 NLS + 84.03 

DLPG + 20.15DISF + e     (3) 

Where ; y = the number of household energy sources, HHs = Household size, INC = Average income earned per day in 

KSH, AGE = Age of HH head, DFW = Distance to nearest firewood supplying shop in km, NCS = Number of charcoal 

supplying shops in village, NFS  = Number of fuel wood supplying shops in village, NLS = Number of LPG supplying 

shops in village where respondent lives, , DCS = Distance to nearest charcoal supplying shop in km, DLPG = Distance to 

nearest LPG supplying shop in km, SLPG = Satisfaction with use of LPG, DISL = Dissatisfaction with use of LPG and 

DISF = Dissatisfaction with use of fire wood, e = random error term. 

Generalized linear model showed the number of household energy is positively related to income level, household size, 

age of HH head, distance to nearest fuel supplying shop in km especially for charcoal and firewood, number of supplying 

shops in village for LPG, charcoal and fire wood and level of satisfaction of fire wood in both rural and peri urban areas. 

On the other hand, level of satisfaction on firewood and LPG is positively associated with the increased use of charcoal 

and also positively and significantly related with the increase in the household fuel portfolio. 

Model for lighting 

Estimated models for rural and peri urban areas were generated using generalized linear model for the number of 

household (HH) energy sources for lighting. The overall model was significant when the omnibus test was applied for 

both peri urban and rural households (p – values were both 0.000 < 0.01).The equation for rural is as follows. 

y = 71.2 + 127.3 INC +12.5 AGE + 3.5 GND + 43.4RENS + e 

The equation for peri – urban is; 

y = 95.7 + 140 INC + 5.1GND + 77.92RENS + e 
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GLM results showed that the number of household energy is strongly influenced by income level. In addition, solar lamps 

use, age of HH head and gender of HH head are the main influencing factors for lighting among rural and peri urban 

dwellers while age of the household head was found not to affect number of household energy among the peri urban 

dwellers. The results also showed that the number of household energy used increase with increasing use solar which 

concurs with other reseraches [26][27]. 

Model Validation Tests  

Model Validation Tests is the process of testing the soundness and accuracy of the model structure while instituting 

confidence in the helpfulness of the model [23]. Hence, this exercise proves the reliability of the model outputs and 

ascertains that the results accurately represent reality. To confirm the association among the study variables various tests; 

T–test, Spearman’s, Pearson’s correlations and paired sample correlations were performed. These results are presented in 

table 3. 

TABLE II: FACTORS AFFECTING THE NUMBER OF ENERGY SOURCES USED BY RESPONDENTS 

Variable Test Null hypothesis 

Relation to number of energy 

sources used 
References for Null 

hypothesis 
Result Evaluation 

Gender T-test 

Women use a higher 

number of energy sources 

than men 

0.064*** Confirmed 
Martinez  and  

Stephens, 2016 

Household 

size 

Pearson’s R 
Number of HH energy 

sources reduce with 

increase in household size 

-0.11** Confirmed Link,  Axinn and  

Ghimire, 2012 

Spearman’s -0.092** (P< 0.05) 

Income T-test 
Income increases the 

number of energy sources 
10.501*** 

Confirmed Niu, Jia, Ye and Li, 

2016 

(P< 0.01) 

Renewable 

energy 

Pearson’s  

correlations 

RE use reduces the number 

of energy sources 
-0.073* 

Confirmed 
Eurostat, 2018 

(P< 0.10) 

Accessibility 

Paired 

sample 

correlations 

Increase in distance to 

nearest fire wood selling 

shops reduces  number of 

energy sources  

-0.144*** 
Confirmed Rahut et a.l, 2016, 

2017 

(P< 0.01) 

Age T-test 

The older the household 

head the lower number of 

energy sources 

-20.927*** 
Confirmed 

Romanach et al. 2017 

(P< 0.01) 

Source: Author’s (2019) 

Results shows that women use a higher number of energy sources than men and the number of HH energy sources reduce 

with increase in household size. Further the table provides evidence that income increases the number of energy sources 

and RE use reduces the number of energy sources especially for cooking. it also shows that increase in distance to nearest 

fire wood selling shops reduces number of energy sources and the older the household head the lower number of energy 

sources. These results provide robust verification of the GLM regression results. 
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IV.   CONCLUSION 

The results of GLM show that the number of household energy sources for cooking and lighting is influenced strongly by 

income level. The uptake of renewable energy sources such as solar lamps also increase number of energy sources and 

hence increase energy security by reducing dependence on fossil fuels, charcoal and others which are vulnerable to price 

fluctuations. There is need for research on the influence of the level of education on household energy diversification. The 

findings from the study may be useful in household energy policy making in energy planning sector. 
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Table 1: Descriptive statistics on household characteristics across the study locations. 

 


