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Abstract  The impact of rising household energy demands on the development of various regions in Kenya is not clearly 

understood due to lack of energy consumption behavior data among rural and urban households. The purpose of the study was 

to investigate households’ energy consumption behavior and examine factors that influence this behavior among households 

in rural and peri-urban areas in Western Kenya. Stratified random sampling technique was used to select a sample of 560 

households in the counties of Bungoma and Uasin Gishu. Results showed that rural households are dependent largely on 

kerosene and electricity for lighting purposes and majorly firewood for cooking, while electricity and charcoal form a major 

source of energy for lighting and cooking in peri-urban households respectively. Also, a small fraction of households uses 

solar panels as their source of energy for lighting among other uses. Further, results shows that household energy utilization is 

characterized by multiple fuels use, conforming to energy stacking theory rather than energy ladder hypothesis. Generalized 

linear model (GLM) results on household energy utilization supported the energy ladder model which showed income level 

as the most influencing factor. Renewable energy use for cooking showed a reduction of firewood and charcoal as household 

energy sources. The research findings offer insights to enhance household energy policy making in Kenya and countries 

alike. 
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1. Introduction 

Africa will experience the fastest growth in population 

world-wide with a projected rise of 2.2% per year on average, 

its population will increase from 1.2 billion in 2016 to 2.0 

billion in 2040 [1]. The economy of Africa has grown as well, 

at an average rate of 5% between 2000 and 2014, [2]. Growth 

at such scale will have major implications for energy 

consumption [3] and likely outpace the rate of electrification 

across different parts of the continent. The predictions are 

that, by 2030, around 600 million people in sub-Saharan 

Africa will still remain without access to electricity and 

continue to depend on conventional energy from biomass 

(e.g., wood, straw and manure), coal, or kerosene for 

cooking [4].  

Continued dependence on conventional energy sources 

will have a serious impact on human health from indoor air  
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pollution [5,6, and 7]. It will likewise affect the environment 

by forest degradation and enhanced carbon emissions in the 

atmosphere resulting from wood-fuel consumption [8]. 

Moreover deforestation associated with timber cutting, 

agriculture and other forms of resource exploitation reduces 

the availability of biomass-based energy sources [9], forcing 

people to increase their efforts in securing wood fuel and 

travel longer distance between home and fuel source [10], 

limiting their fuel consumption (e.g., lower frequency or 

intensity of fuel use); or, also in view of the reduction of 

adverse health effects, diversify their fuel use and look out 

for renewable and cleaner alternatives e.g., from wind, solar 

[11].  

The transitions in energy source utilization reflect a 

change in households’ energy consumption behavior (ECB) 

with the mode and direction of change depending on 

multiple factors, aside from scarcer biomass resources. 

These include factors, such as, household income or 

socio-economic status [12]; household composition and size; 

gender; cultural preference [13]; education; rural or urban 

residence; fuel use purpose; monetary or technological 

investment; reliability of fuel supply; fluctuations of energy 

prices; [8,14- 22]. 

The academic literature on household energy transition 
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reveals energy ladder and energy stacking hypothesis, 

however, contrasting views on how households move 

towards the use of other fuels as income rises [22]; is not 

clearly understood. One school of thought supports the 

energy ladder concept, i.e., discontinuation of the use of 

conventional fuels and adoption of cleaner and modern fuels 

such as electricity and gas; [23]. The other school adheres to 

the energy stacking concept of simultaneous use of various 

types of fuels, i.e., continued use (temporarily) of 

conventional fuels and gradual adoption of cleaner and 

modern ones; [24,25]. However, the process of fuel stacking 

has not been carefully examined, especially in Africa 

[25,26]. 

An increasing share of Africa’s population is expected to 

live in cities and towns. Whereas urban areas comprise 472 

million people at present, it is expected that this number will 

double over the next 25 years as more people will be pushed 

out of rural areas [27]. The rate of urbanization is projected 

to increase from 41% in 2016 to 51% in 2040 [27, 28, and 

29]. It is likely to be accompanied by a rise in appliance and 

vehicle use and increased demand for construction materials, 

including energy-intensive products such as steel and cement 

[30]. However, lack of access to electricity may form a major 

barrier to urban development, and Africa’s economic 

development in general. Electricity access is the lowest in 

Sub-Saharan Africa, both in urban and rural areas, with rates 

at 58% and 12% respectively [10,30].  

Households in cities and surrounding rural areas differ in 

energy use and supply needs. Whereas urban dwellers use 

relatively less firewood compared to their rural neighbors, 

they typically employ more charcoal which is usually cheap 

and readily available. Various energy studies on sub-Saharan 

Africa confirm an increase in charcoal consumption with 

rising urbanization levels [12,32]. Furthermore, grid 

electricity is usually available in cities, yet, it is not 

accessible to all particularly the urban poor who mostly live 

at neglected localities deprived of basic infrastructure (i.e., 

slums). In rural areas, homesteads are often dispersed and, 

consequently, not connected to grid electricity because of 

high transmission and distribution costs associated with grid 

extension. The latter is particularly evident in Eastern and 

Southern Africa where the majority of the rural population 

resides in dispersed homesteads [33]. As a consequence, 

rural households resort to conventional energy sources, yet  

at the same time, rural areas are perceived as the ideal place 

for deployment of new and innovative electrification 

technologies such as those based on solar energy [33].  

Like elsewhere on the African continent, the energy 

demand in Kenya is expected to rise at a fast pace in the 

coming decade. The country is currently characterized by a 

population growth of 2.6% [34] and an economic growth of  

6% [35]. While its current urbanization rate of 26.7% is well 

below those reported for SSA and Africa (37% and 40%; 

[27], it is estimated that nearly half (44%) of the entire 

population of Kenya will be urban by the year 2050 [36]. 

However, most parts of the country still rely on conventional 

sources of energy, with firewood being the first-choice 

cooking fuel for the majority of households as shown by 

various studies ([37], [38] and [17]. 

The impact of rising energy demands on the development 

of the various regions and the standard of living of people  

is not clearly understood [39]. The projected trend in 

urbanization may increase pressure on available energy 

resources to such an extent that acute shortages may develop 

at a temporary basis leading to price fluctuations, as 

happened in the past [3]. Government efforts are therefore 

directed at accelerating the transition towards innovative 

energy technologies based on more sustainable and cleaner 

fuels. However, in most counties, the data on energy 

consumption behavior among rural and urban households are 

incomplete or even lacking [17,37,40]. 

The demographic trends in Kenya, like in most African 

countries, underline the challenge faced by government 

institutions in meeting the increasing energy demands, 

providing access to renewable and cleaner energy sources 

and stimulating efficient and conservative energy use in 

order to control GHG emissions. There is a need to identify 

transition pathways that will facilitate a shift from 

conventional fuels such as firewood towards more modern 

fuels, such as, biogas or electricity from wind or solar energy 

sources. In order to do so, a better understanding is required 

of the energy consumption behavior - and factors that may 

influence this behavior - among households in areas subject 

to different urbanization rates and access to conventional 

firewood sources. 

Therefore, the aim of this research was to contribute to a 

better understanding of energy consumption behavior  

among rural and peri-urban households for the design of 

evidence-based policies on energy conservation.  

2. Empirical Studies on Modelling 

The factors that dominate the change in household energy 

usage reportedly vary by country, between urban and rural 

regions and between high- and low-income groups such as in 

Ethiopia, Nigeria [41], Cameroon [42], China [43,44], India 

[44] and Mexico [45], thus implying that each country needs 

a country-specific designing policy [41,46]. 

Mbaka [47] studied households’ energy preference and 

consumption intensity in Kenya. The study utilized a 

nationally representative cross-sectional household dataset 

(3663 households) across Kenya. Cragg’s double-hurdle 

model was chosen on the fact that the model postulates that 

households must pass two separate hurdles before a positive 

level of consumption is observed. Results found that 

households’ energy preference and consumption intensity 

are mainly affected by location (rural or urban), household’s 

decision maker on energy use, education level, age of the 

household head, and the average monthly income. 

Mutua & Kimuyu [48] investigated the main determinants 

of household energy conservation and savings using discrete 

choice and Tobit models from National Energy Survey Data 
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for Kenya 2009. They found that demographic variables, 

such as the household head’s gender and occupational and 

educational attainment, as well as household location and 

size, are key determinants of not only the propensity to 

conserve energy but also levels of actual energy savings. 

Relations between variables affecting household energy 

use and sources are often more complex than simple 

bivariate relations between a predictor and a criterion as used 

by many researchers. Correlation analysis and regression 

modeling are the most familiar methodologies for analyzing 

the relationship between household energy and factors 

influencing its use. However, there are concerns regarding 

the estimation of these factors based on regression modeling 

[49]. 

Analyzing household energy utilization using generalized 

linear models with the help of SPSS may be useful, as it 

describes simultaneous examination of the effects which are 

relevant and allows for the investigation of more complex 

research relationships. Generalized linear models have a 

common algorithm for the estimation of parameters by 

maximum likelihood; this uses weighted least squares with 

an adjusted dependent variant, and does not require 

preliminary guesses to be made of the parameter values. 

Generalized linear models accommodate unequal variances 

through the introduction of variance functions that may 

depend on the mean value through a known function of the 

mean [50]. 

3. Research Area and Methods 

The study was conducted among rural and peri-urban 

households in two counties with different levels of peri 

urbanization, urbanization and forest coverage, i.e., 

Bungoma (percent urban population: 22%; forest cover as 

percent cover of total county area: 21%;) and Uasin Gishu 

(39%; 11%), in Western Kenya as shown in figure 1. 

Bungoma County is located in Western Kenya; its 

geographical coordinates are 0° 34' 0" North, 34° 34' 0" East. 

It covers an area of 3,593 km2 (see Table 1). According to the 

2009 Kenya Population and Housing Census the population 

is 1,375,063 and has 270,824 households. The major 

economic activity is maize farming, making the county a 

vital component of the country’s bread basket.  

 

Figure 1.  Map of two Counties Bungoma and Uasin Gishu showing the urban, peri – urban and rural areas. (Source: World Maps (2019)) 



 International Journal of Energy Engineering 2019, 9(2): 36-44 39 

 

 

Uasin Gishu County is situated in the former Rift Valley 

Province. It borders Nandi County to the South, Trans Nzoia 

County to the North, and Elgeyo Marakwet County to the 

East. It shares some rather short borders with Bungoma 

County to the West and Kericho County to its South Eastern 

strip. It occupies an area of 3,345 Km2 with a population   

of 894,179 people and 202,291 households (KNBS, 2015). 

The County’s headquarters is Eldoret town that boasts of 

population taking just over 32% of the county’s population. 

The study targeted a total number of 202,291 and 270,824 

households in Uasin Gishu and Bungoma counties 

respectively. The stratified random sampling technique was 

used to select a sample of 560 rural and peri-urban 

households in total. The selection of both counties as study 

area was guided by experts at the Kenya Forestry Research 

Institute who carried out a baseline survey to identify the 

regions within the country where critical ecosystem services 

for human well-being are stressed (‘Baseline Survey Report 

on Energy Sources in Mt. Elgon and Cherengany 

Ecosystems’, n.d.). Moreover, the level of urbanization and 

availability of forest resources, using forest area (i.e., area 

under different types of forest as shown in Table 1) as 

indicator, served as criteria for site selection level of 

urbanization and availability of forest. 

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, type of energy 

sources used, gender of household head, average income, 

type of energy sources used, 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 with the help of SPSS version 

23 was used to assess the magnitude of the factors on the 

household energy sources changing behaviour. In GLM, 

households are assumed to be rational in making household 

energy-choice decisions on the type of household’s energy 

sources to be used for cooking. The assumption is that a 

household selects a certain type 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 types 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       (1) 

Where; P (Yi j) = the probability of choosing one of the 

type 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 model equations was used to test 

weights of the factor ( ) of an outcome (type of fuel) with a 

predictor, to quantify the degree of association, or to estimate 

the mean value of the outcome for given values of the 

predictors.  

Table 1.  Forest coverage and population in the counties of Bungoma and Uasin Gishu, Western Kenya 

County 

(Area in ha) 

Public Forests 

(ha) 

Community/Private 

Forests (ha) 

County 

Cover 
Agro Forest 

Total 

forest 
Population* 

 Natural Plantation Natural Plantation % area Trees on farm  Urban Rural 

Bungoma 

(359,300) 
39,082 1,473 38,359 2,263 21 297,197 81,177 214,220 1,160,843 

Uasin Gishu 

(334,500) 
13,925 10,421 17,529 805 11 333,739 42,680 289,380 604,799 

*Population densities are 383 and 267 inhabitants/km
2
 for Bungoma and Uasin Gishu Counties respectively;  

SOURCE: Ministry of Environment, Water and Natural Resources 2013 (reference to Kenya Forest Service, 2013) and KNBS web, 2018. 

Determination of Adequate Sample Size 

According to Dillman (2011), the formula for determining 

a good representative sample size is as follows; 

𝑆 =
𝑁𝑃(1−𝑃)

 
𝐵

𝐶
 
2
 𝑁−1 +𝑃(1−𝑃)

              (1) 

Where;  

S = Minimum required sample size (= 384); N = the 

population size (= 693,800); P = the population proportion 

expected to answer in a particular way (the most 

conservative proportion is 0.50); B = the degree of accuracy 

expressed as a proportion (0.05); and C = the Z statistic value 

based on the confidence level (in this case, 1.96 is chosen for 

the 95 per cent confidence level [51]. 

Research hypothesis 

The research question revolves around energy ladder and 

energy stacking hypothesis within the context of western 

Kenya. Secondly, I attempt determine the extent to which the 

household characteristics affect household energy changing 
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behaviours. A third question centers on the difference in 

household fuel choice between rural and Peri urban. 

4. Results and Discussions 

4.1. Trends in Household Energy Utilization 

Pattern of Energy Use for Cooking 

Figure 2 presents the percentage of households that use 

specific type of energy source for cooking in Uasin Gishu. 

The proportion of households that use fire wood declines 

from 94% to 79% as one move from rural to peri-urban, 

while the use of charcoal increases from 78.9% to 92% in the 

same case. On the other hand, the use of LPG and kerosene 

increases from 26.1% and 34.7% to 42% and 63% 

respectively.  

 

Figure 2.  Energy used for cooking by households in Uasin Gishu 

expressed as a percentage of total number of households  

 

Figure 3.  Sources of household energy for cooking in Bungoma (Source: 

Author’s (2019)) 

Figure 3 shows the percentage of households that use 

specific type of energy source for cooking in Bungoma. The 

proportion of households that use fire wood declines from  

75% to 67% as one move from rural to peri-urban, while the 

use of charcoal increases from 58% to 67% in the same case. 

On the other hand, the use of LPG and kerosene increases 

from 44.9% and 34.6% to 46.8% and 37.9% respectively. 

Households in peri-urban have significantly higher fuel 

choices than households in the rural areas. Firewood and 

charcoal are the most common combination of multiple fuel 

use for both peri urban and rural households. 

Among the rural households, firewood remains the main 

fuel source as majority households still depend on firewood 

for their cooking needs. Households using liquid fuels (LPG) 

and kerosene are mostly found in peri-urban areas. This 

shows that there is a shift towards charcoal, LPG and 

kerosene as one move from the rural to peri-urban areas 

which supports the research done by [17] and [28]. 

Table 2 show different energy sources combinations   

and they include; firewood, charcoal, kerosene, LPG and 

electricity. The results showed positive and significant 

association between the use of charcoal and firewood both 

for the peri - urban and rural households. There were positive 

associations between LPG and electricity and between 

kerosene and charcoal for both peri – urban and rural 

households. Also, negative and significant association 

between LPG and firewood both for the peri - urban and rural 

households was noted. 

The revelation on positive and negative correlation 

between the numbers of energy sources used by households 

concurs with [52]. The use of charcoal and firewood is 

negative associated with the diversification in peri urban 

while its use in rural is positive significant. Contribution of 

diversity of household energy sources (such as; LPG, 

Kerosene and electricity) to the domestic energy system 

enhances energy security by reducing the risk of energy 

supply shortages and cost fluctuations [53]. 

Table 2.  Pairwise correlation coefficients of the household energy sources 
for cooking 

Household energy 

source for cooking 

Correlation coefficient 

Peri urban Rural 

 UG BG UG BG 

Charcoal and 

Firewood 
0.476*** 0.229** 0.079 0.118 

Charcoal and LPG 0.424*** 0.149* 0.358*** 0.158* 

LPG and Firewood -0.496*** -0.282*** -0.106 -0.234*** 

Kerosene and LPG -0.304** 0.245** 0.101 0.062 

LPG and Electricity 0.437*** 0.171*** 0.399*** 0.213* 

Kerosene and 

Charcoal 
0.424** 0.358** 0.149 0.158 

*** Significant at1%, ** significant at 5% and * significant 10% 

Source: Author’s (2019) 

Pattern of Energy Use for Lighting 

Figure 4 presents the percentage of households that use 

specific type of energy source for lighting on average for the 

two counties. In Uasin Gishu, there is reduced tendency of 

using firewood and solar as one move from rural to peri 

urban areas. The use of kerosene and electricity also 

increases as households move from rural to peri urban areas. 

The pattern of energy use for lighting presented in Figure 5 

shows that there are small differences in the use of firewood, 

kerosene and solar between the rural and urban households. 

There are visible differences in terms of electricity and solar 

uses for lighting between the two groups of households.  
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Figure 4.  Sources of household energy for Lighting in Uasin Gishu 

(Source: Author’s (2019)) 

 

Figure 5.  Sources of household energy for Lighting in Bungoma (Source: 

Author’s (2019)) 

4.2. Determinants of Energy Sources Changing 

Behaviour for Cooking Sources Using GLM 

Estimated models for rural and peri urban areas were 

generated using generalized linear model for the usage of 

LPG, electricity, charcoal and firewood 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). 

(i) Determinants of LPG usage 

The equation for peri-urban is as follows: 

y = 20.73 + 52.66HHs + 213.39 INC +18.85 AGE 

+13.45MS + 19.29NCS + 14.84 NLS  

- 62.28 DLPG + 85.10DCS+ e              (2) 

The equation for rural is as follows 

y = 29.92 + 161.00INC + 10.26 AGE + 2.89GHH 

+ 32.42DLPG + 49.34DCS + e             (3) 

(ii) Determinants of Electricity usage 

The equation for peri-urban is as follows 

y = 133.69+ + 208.38 INC + 23.30 AGE +8.44MS 

+71.47 DCS + 33.95 RENb + 21.67 NLS  

+ 58.35 DLPG + e                       (4) 

The equation for rural is as follows 

y = 67.14 + 193.05 INC + 16.43AGE +11.94MS 

+40.65DCS + 6.66RENb + 28.72 AE + e    (5) 

(iii) Determinants of charcoal usage 

The equation for peri-urban is as follows 

y = 100.16 + 39.57HHs + 152.36 INC + 11.90 AGE 

+2.92GHH +13.91MS -45.23 DCS  

+ 23.36 NLS + 54.58 DLPG + e         (6) 

The equation for rural is as follows 

y = 61.89+ 62.04HHs + 175.37 INC +20.20MS 

+67.28 DCS - 13.49 RENb + 47.57 DLPG + e (7) 

(iv) Determinants of firewood usage 

The equation for peri-urban is as follows 

y = 76.62+ 32.11HHs + 157.83 INC + 24.26 AGE 

+70.09DCS + 29.52 AE + e              (8) 

The equation for rural is as follows 

y = 98.37+ 37.87HHs + 182.7INC + 14.36 AGE 

+55.52DCS - 15.78RENb + e             (9) 

(v) Determinants of kerosene usage 

The equation for peri-urban is as follows 

y = 83.83+ 46.78HHs + 95.84 INC + e     (10) 

The equation for rural is as follows 

y = 99.80+ 23.44HHs + 149.48 INC + e    (11) 

Where; y = the probability specific household energy 

sources, HHs = Household size, INC = Average income 

earned per day in KSH, AGE = Age of HH head, NCS = 

Number of charcoal 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, 

RENb= biogas for cooking, MS = Marital status, GHH= 

Gender of Household head AE=Access to electricity, e = 

random error term. 

Generalized linear model was used to estimate the 

magnitude and significance of effects of determinants of 

energy sources changing behaviour for household energy 

choice for cooking. Income level showed the highest weights 

of the factor and significantly associated among all the fuels 

implying that the choice of household fuel is to a large extent 

a function of household income level and hence supporting 

research done by [54]. It was found that LPG has the highest 

weights of the factor of 213.39 and 161.0 followed by 

electricity 208.38 and 193.05 in rural and peri-urban 

respectively implying that households utilizes modern 

cooking fuels with increase in income.  
Model also found that age of the household head play an 

important role in influencing a household’s decision to 

choose energy source. Age of the household head are 
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positively associated with the use of firewood in rural and 

peri-urban, because it is considered to be less dangerous 

compared to energy sources such as LPG and charcoal at 

household level. Household with older male tend to use 

firewood. In developing countries, female household 

members are involved in cooking and collecting firewood; 

therefore, female head of households are more likely to 

choose clean energy sources such as LPG and electricity as 

shown by GHH in equation 3, and they are less likely to 

choose firewood and kerosene that affects their reproductive 

health [28]. 
GLM further showed that size of the household (HHS) is 

negatively and significantly associated with changing to 

clean cooking fuel such as LPG and electricity both in rural 

and peri-urban. Household size is positively associated with 

the use of firewood, kerosene and charcoal in Peri-urban 

areas while it is positively associated with the use of 

firewood in rural areas. 
It was revealed that distance to the nearest retail shops 

selling charcoal (DCS) measured in kilometers is negatively 

associated with the charcoal utilization and positively 

associated with retail shops selling LPG (DLPG), indicating 

that with increase in distance to retail shop, households opt to 

use energies which are not further away from the retail shops. 

There is a negative and significant relationship in distance to 

LPG retail shops households and the use of LPG which 

concurs with [55]. The use of renewable energy sources such 

as biogas showed a reduction in the use of firewood and 

charcoal for cooking among the rural. The results further 

showed that there is positive association between the number 

of retail shops selling household energy and the type of fuel 

used at household level for cooking implying that nearest to 

diverse supplying shops selling fuel is positively associated 

with household changing behaviour. Accessibility to 

electricity also is associated with its use for cooking. The 

results furthermore found that there is a shift towards LPG 

and charcoal with increase in income and as one move from 

the rural to peri-urban. 

5. Conclusions 

The findings showed that biomass (firewood and charcoal) 

is still being used highly by households in peri urban and 

rural areas as primary or secondary fuel for cooking energy. 

The use of LPG for cooking increases as one moves from 

rural to peri urban in both counties of western Kenya. The 

results further show that, many of the households use 

multiple fuels to enhance their energy security in the study 

areas. The household energy utilization, pattern and 

changing behaviour follow the energy stacking model as 

household transit gradually to modern fuels with increase in 

income. The research findings offer insights to enhance 

household energy policy making in Kenya and countries 

alike. There is need for research on the influence of the level 

of education on household energy utilization. 
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