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CHAPTER THREE 

The role of resource and market 

access on household fuel switching 

behavior in rural and peri-urban 

Kenya
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3.1 Introduction 

Over 80 percent of the households in Sub-Saharan Africa use wood based fuels in 

the form of firewood and charcoal to meet their daily energy needs for cooking 

(IEA,2010). The transition away from biomass to modern fuels is slow. Especially 

in Africa’s rural areas little activity is recorded with regards to household fuel 

switching (Barnes et al., 1994; Heltberg, 2004; Mirza and Kemp, 2009, Nansaior et 

al., 2011). The World Bank (2011) even predicts that in Sub-Saharan Africa the use 

of wood as a source of energy will remain at current levels or may even continue to 

grow despite the range of health, social and environmental challenges associated 

with the use of wood-based fuels.  

Over the past decade Kenya has witnessed rapid growth of its population. The 

related need for more food, land and energy constitutes pressure on local resources 

(IFAD, 2011; Roba and Mwasi, 2006). Over-utilization of grasslands and forests 

and land use changes in ecologically sensitive areas are consequences of such 

demand (ibid). It is projected that 90 percent of all the wood harvested in Kenya is 

used for fuel (Practical Action, 2010). Firewood and charcoal account for around 

70 percent of Kenya’s national energy requirements. In rural areas it even accounts 

for as much as 90 percent (GoK, 2002). Although agriculture is usually seen as the 

main driver of deforestation in developing countries (Geist & Lambin, 2002; 

Arnold, 2006), Kaimovits and Angelsen (1998) and Geist and Lambin (2002) state 

that in Africa firewood harvesting and charcoal production are also an important 

cause of deforestation. In particular the increasing demand for charcoal from urban 

centers poses a real threat to the remaining forested lands (Edwards and Langpap, 

2005). Consequences of increasing biomass scarcity are already visible through 

rapidly increasing prices of charcoal in urban centers and the commercialization of 

firewood in emerging markets in rural areas as an alternative for firewood fetching.  

With the increasing pressure on the limited biomass resources it is of importance 

to understand energy switching behavior of households under varying local 

conditions. This provides insight into the specific energy strategies applied by 

households and the determinants steering their choice behavior. A better 

understanding of energy switching behavior could support the development of 

policies that can stimulate a more sustainable transition process.  Relatively few 

studies address the impact of varying natural and infrastructural conditions on fuel 

switching behavior (van der Kroon et al., 2013). This paper contributes to the  gap 

in the existing literature by presenting empirical evidence of fuel strategies and 

analyzing the determinants of fuel switching behavior of households in rural and 

peri-urban areas in Kenya with distinct local natural resource and infrastructure 
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conditions, including access to markets, using a multinomial logit modeling 

framework. 

The remainder of this chapter is organized as follows. Section 2 introduces the 

theoretical background on which this study is built. Section 3 discusses the study 

design and survey implementation. In section 4 the results are presented and  

conclusions are drawn in Section 5. 

3.2 Theoretical background 

3.2.1 Energy transitions 

Energy transitions in a developing country context are often portrayed by the 

“energy ladder”. The model underlying the energy ladder assigns differences in 

energy use patterns between households to variations in economic status (Hosier 

and Dowd, 1987; Leach, 1992; Barnes and Floor, 1996). The process of 

climbing the ladder is described by a linear movement with 3 distinct phases 

from universal reliance on firewood to transition fuels such as kerosene and 

charcoal, and finally to modern fuels such as LPG and electricity (Heltberg, 

2004). The model assumes that households, while climbing the ladder, displace 

one fuel by another, referred to as fuel switching. A growing body of empirical 

studies shows that instead of switching fuels with increasing income, households 

choose to consume a portfolio of energy options at different points along the 

energy ladder. Households adopt new fuels and technologies that serve as 

partial, rather than perfect substitutes for more traditional ones. This process is 

also referred to as fuel stacking and forms the basis of the energy stacking model 

(Masera et al., 2000). 

Both the energy ladder and energy stacking model imply a strong correlation 

between income and fuel choice. Although empirical studies confirm the relation 

between income and fuel choice (Farsi et al., 2007; Davis, 1998; Gupta and 

Kohlin, 2006; Barnes et al., 2010; Pachauri and Jiang, 2008), the linkages are 

rarely as strong as assumed by the energy ladder (van der Kroon et al., 2013). 

Studies in developing countries show that fuel wood can be an important energy 

source for both urban and rural households at all levels of income (Hosier and 

Kipondya, 1993; Campbell et al., 2003; Brouwer and Falcao, 2004; Hiemstra-van 

der Horst and Hovorka, 2008; Mirza and Kemp, 2009). At the same time, there are 
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also numerous examples of low income households using advanced modern fuels 

such as electricity and LPG (Campbell et al., 2003; Davis, 1998; Brouwer and 

Falcao, 2004). This suggests that we should look beyond income only if we want 

to analyse and explain household fuel switching behaviour. 

Van der Kroon et al. (2013) provide a comprehensive framework to analyse the 

decision environment underlying fuel choices. Within this household decision 

environment, a distinction is made between household external and internal 

factors: (i) the decision context reflecting a household’s external (natural, 

institutional, economic, political etc.) environment shaping the boundaries 

within which it has to function (e.g. natural resource availability, consumer 

and labour markets, government policies); and (ii) the household opportunity set 

representing a group of household internal factors based upon the characteristics 

and factor endowment of the household i t self (e.g. education, family size). The 

interaction between factors across categories determines the decision 

environment, which is expected to be unique for each individual household. 

Through a meta-analysis, van der Kroon et al. (2013) identified a large number 

of socio-economic characteristics such as education, household size and income 

driving energy transitions. They also conclude that relatively little is known about 

the impact of location factors on fuel switching behaviour. Although location 

dummies are often included in fuel switching studies, they rarely explain the 

underlying factors contributing to the effects on fuel switching. That is, hardly 

ever attention is paid to the differences between the locations included in the 

analysis. Below we briefly discuss the available knowledge and information about 

the relation between fuel switching and location factors. 

3.2.2 The effect of location specific factors 

Urbanization is commonly believed to drive fuel switching behaviour 

(Leach,1992). As urban areas expand, various changes occur in the enabling 

environment such as access to fuels, the development of infrastructure, markets 

diversity, and housing choices, thereby influencing fuel choices (Heltberg, 2005; 

Mekonnen and Kohlin, 2008; Rehfuess et al, 2010).   Households in urban 

areas are therefore more likely to utilize higher quality energy carriers than 

comparable households in rural areas. Heltberg (2004) finds that similar 

mechanisms drive fuel switching in urban and rural areas, but the magnitude of the 

effect often differs. He assumes that the lower levels for fuel switching observed 
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in rural areas must be because of lower rural levels of the underlying triggering 

variables. Generally, the problem of access to modern fuels is more intens in rural 

areas, particularly in remote and low population density areas where the 

distribution of modern fuels is either insufficient or unreliable (Elias and Victor, 

2005). Rural households are more often also confronted with increasing scarcity 

of biomass resources, limiting households to fetch firewood. Hosier and Dowd 

(1987) argue that wood scarcity drives the likelihood of households to use another 

fuel than wood. It implies longer distances to collect firewood and easier switches 

to other fuels. A household’s perception of the biomass pressure in its 

surroundings is also found to be influencing fuel switching. Households who do 

not perceive fuel wood as difficult to collect (a proxy for resource scarcity in the 

area) prefer wood-based fuels to a commercial fuel option (Hosier and Dowd, 

1987). Heltberg (2005) considers the impact of community distance to fuel wood 

to play a role too. Longer distances imply pressure on existing local/regional 

biomass resources and increase the opportunity costs of collecting fuel wood. 

However, he was unable to find a significant relationship between distance to fuel 

wood and fuel switching. Brouwer et al. (1997) stress that distance to collection 

place and collection time are not reliable indicators of fuel wood shortages. They 

find that with increasing collection distances households switch to firewood of 

lesser quality that can be collected nearer to home. This suggests that increasing 

biomass pressure does not necessarily imply a switch to more modern fuels. 

Finally, Peng et al. (2010) discuss the differences between residents living in 

mountainous, hilly and plain areas. They find that people living in plains have a 

larger variety of options to choose from, which is related to the accessibility of the 

area. 

3.3 Design and survey implementation 

�

3.3.1 Study site 

The study presented here was conducted in Nakuru County, a district of Kenya’s 

Rift Valley, located 160 km North-east of Nairobi (see Figure 3.1). The County 

covers an area of 7,242 km
2
,
  

with a total population estimated at 1.3 million 

(Nakuru district office, 2012). The county’s capital Nakuru is the fourth largest 

urban centre in Kenya with approximately 300,000 inhabitants. Nakuru County is 

characterized by its high variety of natural conditions, from mountainous forest 
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areas, including the Mau Forest, which is the largest remaining primary forest in 

Kenya, to hilly and plain semi-arid zones. A majority of the households in the area 

depend on biomass fuels for their daily energy needs. Firewood and charcoal are 

the main cooking fuels for 42 and 37 percent of the households respectively (GoK, 

2002). While charcoal production mainly takes place in neighboring districts, such 

as Baringo and Narok, firewood is fetched locally by households and traders. 

Modern fuels such as LPG and kerosene are only used by a small fraction of the 

population and supply outside the urban centers is reported to be irregular in the 

focus groups organized prior to the survey in this paper.  

Three locations were selected based on distinct local conditions with respect to i) 

market access and infrastructural development and ii) their agro-ecological 

character and biomass resource endowment. Two rural and one peri-urban location 

were selected. The peri-urban location is expected to be an intermediate stage 

between the urban and the rural energy profile, with the former depending more on 

modern forms of energy and the latter on traditional forms. The two rural locations

Figure 3.1 Research locations
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are similar in terms of market access and infrastructural development, but differ in  

their natural conditions, while the peri-urban location was chosen such that it 

differs in infrastructural development and market access from both rural locations.  

The peri-urban location in this study is Kiamaina. It is a location in the Nakuru 

North district adjacent to the County capital Nakuru. The first selected rural 

location is Likia, a location in the upper highland zone of Njoro district. The 

location is adjacent to the eastern part of the Mau Forest. Besides agriculture, a 

large flower farm operating in the area offers households alternative income 

generating opportunities. The second rural location selected is Solai, located in the 

Rongai district. Population pressure in this area has led to land being converted for 

agricultural purposes. No forest or large scale wood plantations are found here 

anymore. The coffee and sisal plantations offer alternative labour opportunities to 

households similar to the flower farm in Likia. See Table 3.1 for an overview of 

the main characteristics of the locations. 

3.3.2 Data collection 

The survey was carried out in March and April 2012 after  2 pre-test rounds 

targeting a total of 600 households randomly selected from the three locations in 

Nakuru County. At each location 200 household interviews were conducted by a 

team of trained interviewers. The sections of the survey focus on i) household 

characteristics ii) household income and assets iii) household fuel use and cooking 

practices. For each questionnaire the head of the household and, if married, the 

spouse were interviewed in order to get as much detailed household information as 

possible.  

Table 3.1 Location characteristics 

Location Type of 

location 

Population 

density (km2) 

Distance to 

Nakuru (km) 

Type of Agro-

ecological zone 

Forest 

Kiamaina Peri-urban 1886 10 Lower highlands  No 

Likia a Rural 218 48 Upper-highlands  Yes 

Solai Rural 222 40 Upper-midlands  No 

a: Likia is a relatively new administrative unit not yet included in the last population census and 

therefore no specific data could be provided by the bureau of statistics in Nakuru. Previously Likia 

was part of the sub-location Siapei. Data used for Likia in the above table is based on available census 

data for this sub-location.  
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3.3.3 Model specification 

For the analysis of household fuel switching behavior we apply a multinomial logit 

model (MNL). MNL is a standard regression technique for assessing how different 

variables affect multiple fuel choices (Heltberg, 2004). It enables also the 

systematic analysis of household switching behavior between different types of 

fuels. As households tend to consume a portfolio of fuels, the analysis of fuel 

switching behavior is complex (Heltberg, 2004). To avoid dealing with a large 

number of categories of fuel combinations, five fuel profiles were identified based 

on the portfolios present in the sample. The profiles are ordered in accordance with 

the fuel ranking on the energy ladder: 1) firewood; 2) firewood and charcoal; 3) 

charcoal; 4) kerosene and biomass fuels; 5) LPG and biomass fuels. In the sample 

the exclusive use of the liquid fuels kerosene and LPG is rare. Two households 

were found to depend on kerosene only and 1 household solely used LPG. These 

observations were removed from the data-set due to the analytical constraints 

imposed by the low number of observations.  

Modeling of discrete choice data is based on random utility theory (McFadden, 

1986). Utility is assumed to be a latent construct that underlies the observed 

choices reflecting demand. In this case households are assumed to have preferences 

among several categories of cooking energies and to make choices that maximize 

their indirect utility subject to their given expenditure constraints. For the i
th

household choosing a particular cooking fuel j, the indirect utility function can be 

written as: 

ijijijij ZXU εδβ ++= ,             (3.1) 

where X is the vector of fuel characteristics and Z the vector representing the 

household decision environment. The household decision environment includes 

measures of household income, education, family size etc. and location dummies 

representing the market access and natural resource conditions discussed in section 

3.1. The error term �,  is assumed to be independently and identically distributed 

(iid).  

The probability of choosing alternative j is defined as: 

β
β

β

dP

k

ij � �
= )

e

) e
(

k

ij

x

x

        for all j�k            (3.2) 

�� �*� ��� %��!� �%� �)�� !���*� � � � ��!����� & ����  �!&*����� !�=�!&!� *���*�)����
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3.4 Results and discussion 

3.4.1 General sample characteristics 

The socio-economic characteristics of the households in the sample are presented 

in Table 3.2.  As expected, the socio-economic situation of households in the peri-

urban location differs from the rural samples. In the peri-urban location households 

are smallest and the mean age of their household heads is significantly lower than 

in both rural locations. Although in the peri-urban location a larger share of 

household heads completed at least secondary education, in all three locations a 

majority of the household heads have only completed primary school. Around a 

fifth of all households is headed by women. 

More than half of the households is active in agriculture, although in Kiamaina this 

is not the main income generating activity. In Kiamaina casual labour and self-

employment are the main income generating activities. Households earn on 

average Ksh. 136,500 in Kiamaina. Although this is higher than in both rural 

locations, it is only statistically significantly different from average household 

income in Likia. In Likia agriculture provides the main source of income for a 

majority of the households. This is higher than in Solai where agriculture is the 

main income generating activity for a third of the households. Considering the 

agro-ecological conditions of Solai compared to Likia, this is as expected. The 

relatively high share of casual labour in both rural areas is explained by the 

presence of the off-farm labour opportunities offered by the coffee, sisal and flower 

plantations in the area. Comparing a range of wealth indicators (ownership, size, 

and construction material of the house, electricity connection and having a 

television) show that in the rural areas households are comparable in terms of 

wealth as well. Although all three locations are connected to the electricity grid, 

connection rates differ significantly. While in Kiamaina over 50 percent is 

connected to the grid, this is less than 10 percent in both rural locations. Taking a 

closer look at the housing conditions in all three locations, rental houses are more 

common in peri-urban areas. Households who rent a house are found more likely to 

cook in the same space used for living and sleeping than households who own the 

house they live in, possibly due to the limited freedom of space management and 

occupancy rules in rental houses (Ouedraogo, 2006). Ouedraogo (2006) also found 

that house ownership increases the likelihood of firewood adoption and decreases 

the likelihood of using charcoal. Overall, a majority of the households cook in a 

separate room or building in all three locations. 
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Table 3.2 Descriptive statistics across the three study locations 

*** significant 1%, ** significant 5%, * significant 10%  

a: Kruskal wallis test comparing the three research location 

b: Pearson Chi Square test comparing the three research location 

Household characteristics Total Kiamaina 

(peri-

urban) 

Likia       

(rural)

Solai 

(rural)

KW-

testa 

(�2) 

Pearsonb

(�2) 

N 580 193 195 198   

Mean age household head 

(years) 

44 42 45 45 4.49  

Household size (# people) 4.7 4.5 5.0 4.7 7.01**  

Share of female headed 

households (%) 

19.1 20.2 20.5 16.7  1.16 

Education level household 

head  

      

• No education (%) 

• Primary education  

(%) 

• Secondary 

education  (%) 

• Higher education  

(%) 

10.4 

56.8 

28.2 

4.7 

7.8 

48.2 

36.3 

7.8 

11.8 

60.5 

25.6 

2.0 

11.6 

61.6 

22.7 

4.0 

 20.10** 

Mean household income 

(Ksh./year) 

123,636 136,502 114,053 120,533 5.78*  

Main economic activity (%) 

• Farming 

• Self employed 

• Salaried 

employment 

• Casual labor 

• Other 

35.3 

19.3 

17.4 

27.0 

1.0 

17.1 

30.6 

24.4 

27.5 

0.5 

55.9 

8.7 

11.8 

22.6 

1.0 

32.8 

18.7 

16.2 

30.8 

1.5 

 78.4*** 

Share active in agriculture 

(%) 

85.8 72.5 95.9 88.9  45.82*** 

Tenure of house (%) 

• Rent 

• Own 

15.5 

84.0 

24.9 

74.6 

12.8 

87.2 

9.1 

89.9 

 22.09*** 

Number of rooms in the 

house 

Mud house walls(%) 

2.9 

71.5 

2.9 

52.3 

2.9 

81.5 

2.9 

80.3 

0.03  

81.34*** 

Cooking facilities (%) 

• outdoors 

• separate 

room/building 

• Inside room used 

for living/sleeping 

7.2 

79.0 

13.8 

9.8 

60.7 

29.5 

4.1 

90.7 

5.2 

7.6 

85.3 

7.1 

  

98.26*** 

Share connected to 

electricity grid (%) 

24.9 56.5 9.2 9.6  153.25*** 
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3.4.2 Household fuel use 

In the rural locations the main household cooking fuel is firewood (see Figure 3.2). 

Over 95 percent of  the households depend on this fuel for their daily cooking 

needs. For 90 percent of these households firewood is their most important fuel. 

Table 3.3 shows the characteristics of firewood use across the study locations. 

Although it is normally assumed that firewood is collected free of monetary costs 

in a rural context, in both rural locations the commercialization of firewood 

transactions is visible. In Likia, half of the households using firewood fully depend 

on the market and in Solai around a quarter. As expected, in the peri-urban location 

the market is the dominant strategy to acquire firewood and only a small fraction of 

households is engaged in firewood collection. In Solai a majority of firewood users 

collect their own wood. The most important source for these households to collect 

firewood is their farmland, while in Likia this is the neighboring forest. A 

relatively smaller share of households in Likia collects firewood from their farms. 

The large dependency on farmland translates in the high percentage of households 

that use their farmland to plant trees for later use as fuel.  

In the peri-urban location charcoal plays an important role. Here 92 percent of the 

households use charcoal and for more than half of the sample population charcoal 

is their  main cooking fuel. In both rural locations, the use rate of charcoal lies 

remarkably lower at 55 percent and the percentage of household that use charcoal 

as their main fuel lies between 20 and 25 percent. The liquid fuels kerosene and 

LPG are almost exclusively used in the peri-urban location where around 17 

percent of the households use kerosene and 9 percent LPG. In the two rural areas 

these levels are substantially lower and households do not use them as their main 

fuel. Instead, liquid fuels are used as complementary energy sources rather than 

substitutes for biomass fuels suggesting fuel stacking. In the peri-urban area there 

is a small group of households who use liquid fuels as their main daily fuel.

3.4.3 Fuel strategies and the energy ladder 

In accordance with the energy stacking model, households in all three locations use 

multiple fuels, varying between 1 and 4 fuel types, with an overall average of 1.7. 

Households in peri-urban Kiamaina have a significantly more diversified fuel 

portfolio than the households in the two rural areas. The combined use of firewood 

and charcoal is most common in all three locations as shown by the fuel portfolios 

in Figure 3.3. Whereas the sole use of firewood is limited in Kiamaina, it is still a 
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Figure 3.2 Household fuel use per type of fuel across the three study locations (%)

�

Table 3.3 Firewood characteristics across the three study locations 

*** significant 1%, ** significant 5%, * significant 10%  

na: not available due to limited number of counts in some of the cells in the cross-tabulation and 

therefore not considered reliable. 

a: Pearson Chi Square test comparing the three research location 
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Fuel used by households             Main fuel used by households

Total

Kiamaina

Likia

Solai

 Total Kiamaina 

(peri-urban) 
Likia       

(rural)
Solai 

(rural)

Pearsona

(�2) 

Collection modes (%) 72.2 42.0 88.7 85.4 131.40*** 

• Fetch 

• Purchase 

• Fetch & purchase 

40.0 

45.6 

14.3 

16.1 

67.7 

16.1 

38.6 

50.3 

11.1 

57.1 

26.5 

16.4 

Main source fetched firewood (%) 

• Farm 

• Boundary fences 

• Woodlot 

• Forest 

• Roadside 

• Other 

47.0 

12.5 

9.1 

20.8 

4.7 

5.8 

62.5 

22.5 

0 

0 

10.0 

5.0 

31.3 

6.3 

6.3 

55.2 

1.0 

0 

52.5 

12.2 

18.0 

0 

5.0 

12.3 

na 

Main reason buying firewood (%) 

• scarcity 

• time efficiency 

• quality 

80.5 

15.9 

3.5 

94.1 

5.0 

1.0 

70.5 

23.8 

5.7 

77.8 

18.5 

3.7 

na 

Share plant trees for fuel (%) 69.3 53.9 71,8 81.8 36.69*** 
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Figure 3.3 Household fuel portfolios for cooking across the three study locations 

common fuel strategy for over 40 percent of the households in both rural locations. 

The fuel portfolio in Kiamaina more often includes higher ranked fuels on the 

energy ladder. As expected, the peri-urban households are more advanced in terms 

of the use of modern fuels, but often still in combination with a traditional biomass 

fuel. The energy profiles for both rural areas are very similar.

In Figure 3.4 the mean annual household income is compared amongst the different 

household fuel portfolios. As fuel stacking is common practice and full fuel 

switching rare, a traditional energy ladder does not emerge. The fuel portfolios are 

therefore ordered according to the energy stacking model, where firewood is found 

at the bottom of the ladder and the LPG-solid fuel combination at the top. Moving 

from firewood to the LPG combination shows indeed an increasing trend in 

income. The income level of households using firewood and charcoal or only 

charcoal does not differ significantly from each other and the same is found for the 

household income of charcoal users and kerosene and solid fuel users. The income 

differences between the other portfolios are all statistically significant.  

Figure 3.5 shows the percentage of households using a type of fuel and the 

percentage of households that uses the respective fuel as their main fuel grouped by 

income quintiles
6
. The use of firewood shows a continuous decline with increasing 

income, while the opposite trend can be observed for the use of charcoal. Kerosene 

slowly increases among the first four quintiles, but shows a decrease in the last 

quintile. This confirms the transition nature ascribed to kerosene by the energy 

ladder. LPG usage takes off very slowly, but shows a steep increase in the fifth 

���������������������������������������� �������������������
2
�Income quintiles 1) <49000 ; 2) 49001 -77600 ; 3) 77601-117500 ;4) 117501-175000; 5) 

>175001�
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quintile suggesting it is mainly used by wealthier households. Furthermore, with 

increasing income the number of fuels used by the household significantly 

increases, confirming the increasing diversification of the fuel portfolio by 

wealthier households.  

Heltberg (2005) proposes that energy transitions follow an inverted U-shape. 

During the initial stages of development the uptake of modern fuels shows a fuel 

stacking pattern, but at the top end several traditional fuels are displaced indicating 

fuel switching. Based on this concept, we can conclude that in our study areas the 

transition process still finds itself in the initial upward stages of the U and energy 

stacking is common even among  the wealthiest households.  

The fuel portfolios in relation to annual income per study location are presented in 

Figure 3.6. A positive trend is visible between income and the use of more 

advanced fuel portfolios. In Kiamaina, no significant difference is found for the 

switch from the firewood to the firewood-charcoal portfolio and for the switch 

from the charcoal to the kerosene portfolio. In both rural locations a positive 

significant effect for income is found for the switch from the firewood to the 

firewood-charcoal portfolio. This shows that the inclusion of charcoal in the 

household fuel portfolio in rural areas takes place at significantly higher income 

levels, while this is not the case in the peri-urban areas. The relatively high market 

dependence for firewood and the related cost of using firewood in the peri-urban

Figure 3.4  Fuel portfolio by mean income 

note: error bars represent standard errors 
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Figure 3.6 Fuel portfolio by mean income per location 

note: error bars represent standard errors 
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Figure 3.5 Fuel use trends by income quintile 
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area seems to have dampened the impact of income on fuel choice. A switch to the 

LPG portfolio takes place at significant higher income levels in all three study 

locations.  

3.4.4 Multinomial logit model identifying switching behavior 

Multinomial logit estimates of the determinants of households’ switching behavior 

between the different fuel portfolios are presented in Table 3.4. Firewood is the 

omitted category (n=0,1,2,3,4), with which the estimated coefficients are to be 

compared. Hence parameters in the LPG and solid fuel category show how each 

variable affects the probability that a household switches from using only firewood 

to a portfolio with both LPG and solid fuels. The model specification is based on 

determinants found in the existing literature. The findings in this study are 

consequently compared with those findings in existing studies, summarized in the 

meta-analysis presented in van der Kroon et al. (2013). In addition, we include a 

new variable to account for the impact of health awareness on fuel switching 

behavior which has not been tested for in previous fuel switching studies. In 

presenting and discussing the results we distinguish between household internal 

(socio-economic) and external (location specific) characteristics. No variables have 

been included to measure the impact of cultural background or food preferences in 

view of the fact that the three locations in this study area are similar in terms of 

ethnicity and to that end cultural practices show a high similarity. Furthermore, 

information on fuel prices have been excluded as there is limited to no variation in 

price levels between the three study areas, which are located in a relatively 

compact region.  

The model performs satisfactorily in terms of the goodness of fit: the outcome of 

the Likelihood Ratio (LR) test is highly significant at the 1 percent level and  the 

pseudo R
2

value is  relatively high  for  this  type  of  cross-section  model.  The  

constant  term  for  the  LPG  portfolio  has  a significant negative sign suggesting 

that at this stage of the transition process households are significantly less likely to 

choose an energy portfolio that includes LPG. 

Household internal socio-economic characteristics

Turning first to the household socio-economic characteristics, we find significant 

effects for the level of education, household size, age of the household head, and 

the main income generating activity. There is a positive relationship between level 
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of education and the switch to the more advanced kerosene fuel portfolio. All 

previous studies reviewed in the meta-analysis, except Pundo and Fraser (2006) 

find positive effects of education on the probability that households use modern 

commercial fuels such as LPG and Kerosene. 

Family size is generally found to relate negatively with a move away from the 

firewood portfolio. Only for the kerosene portfolio a significant relation is found in 

our study. In the literature, mixed results have been found with respect to the 

impact of family size on fuel switching.  Mekonnen and Kohlin (2008), Ouedraogo 

(2006) and Rao and Reddy (2007) found that larger households are less likely to 

choose liquid fuels over solid fuels, while Hosier and Dowd (1987) find the 

opposite and state that larger households are more likely to move away from 

firewood towards kerosene. Heltberg (2004) and Pundo and Fraser (2006) find no 

significant relationship between fuel switching and family size, which corresponds 

largely with our findings here. 

A firewood is often collected by women, a high share of females in the household 

increases the supply of firewood collection and cooking labour time and reduces 

the need to abandon time-consuming fuel wood sources. While Heltberg (2004) 

finds that a high share of females in the household significantly reduces the 

likelihood of single fuel LPG use, Mekonnen and Kohlin (2008) do not detect any 

effect of the share of women in the household on fuel choice. In this study, no 

effect of the share of women is found either. With increasing commercialization of 

firewood markets, the impact of labour availability may no longer play a role in 

fuel choice compared to conditions in which women are responsible for the 

collection of the daily energy needs.  

The age of the household head can lead to two opposing effects. On the one hand, 

the age of the household head functions as an indicator for the household’s life 

cycle. The further a household moves up in its lifecycle, the wealthier it becomes 

and the more likely it has been able to accumulate financial assets, allowing more 

financial freedom. On the other hand, older household heads may be more 

conservative in fuel choices, restraining them to move away from current practices. 

In previous studies no evidence was found for a negative relationship between age 

and the use of solid fuels. We also find that older household heads are more likely 

to use solid fuels like firewood. This effect is only significant however, for a switch 

towards charcoal and kerosene portfolios.  

The positive and significant coefficients for income indicate that with increasing 

income households are more likely to switch away from firewood towards more 



�

�

�

4
<
�

Table 3.4 Multinomial logit estimates of household fuel switching 

*** significant 1%, ** significant 5%, * significant 10%  

Standard error in parentheses

Firewood –

charcoal 

Charcoal Kerosene – solid fuels LPG – solid fuels 

Constant -3.387 (2.103) -1.294 (5.230) -4.960 (4.308) -31.982 *** (6.801) 

    

Education level  household head -0.125 (0.265) -0.403 (0.534) 0.788* (0.448) 0.581 (0.544) 

Household size -0.069 (0.051) 0.005 (0.143) -0.252* (0.137) -0.148 (0.144) 

Age household head -0.007 (0.007) -0.060*** (0.021) -0.047** (0.019) -0.013 (0.025) 

Salaried employment 0.007 (0.314) 0.128 (0.672) 1.028* (0.554) 0.416 (0.649) 

Self employed (non agric) 0.346 (0.297) 0.726 (0.602) 0.540 (0.562) 0.344 (0.709) 

Share of females in the household 0.003 (0.486) -1.128 (1.299) 0.175 (0.987) -1.000 (1.329) 

Awareness smoke impact 0.127 (0.246) -0.107 (0.562) -0.098 (0.467) 2.385*** (1.133) 

    

Log income 1.228*** (0.391) 0.931 (0.898) 1.487* (0.794) 6.082*** (1.204) 

Ownership of  the house -0.259 (0.365) -1.448** (0.622) -1.184** (0.541) -1.075 (0.785) 

Cooking in a room used for living/sleeping 0.062 (0.509) 3.943*** (0.700) 1.878*** (0.628) 1.518* (0.867) 

Connected to the  electricity grid 0.345 (0.351) 0.685 (0.635) 0.985* (0.568) 1.245* (0.647) 

Inside water connection -0.035 (0.377) 0.441 (0.655) 0.261 (0.579) 0.808 (0.673) 

    

Nr of rooms in the house -0.004 (0.009) 0.281 (0.252) -0.002 (0.023) 0.110 (0.258) 

Likia (rural) -1.676*** (0.369) -2.469*** (0.742) -2.206*** (0.709) -1.916** (0.820) 

Solai (rural ) -1.942*** (0.361) -3.793*** (0.839) -1.543*** (0.599) -1.974** (0.767) 

    

Model summary statistics     

Log Likelihood -522.16    

Pseudo R-square 0.279    

Chi square statistic (d.o.f.) 405.03 (60)    

Nr of observations 182 291 43 42 
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advanced fuel portfolios. For the switch from firewood to charcoal no significant 

effect for income can be found. 

Irregular and variable income flows are assumed to prohibit the regular 

consumption of modern energy (Davis, 1998) and restrict fuel switching, while 

households with a stable regular income are better able to rely on commercial fuels 

for their energy consumption. Earning one’s main income through salaried 

employment has a significant positive effect on using more advanced fuel 

portfolios. The base consist of households that earn their income through farming 

or casual labour, which are pooled due to the limited number of observations in 

some of  the portfolios for farming. Both categories represent irregular and 

uncertain income flows. No significant relation was found between fuel portfolio 

and self-employment. Similarly, Rao and Reddy (2007) find that income derived 

from wages or salaries has a positive impact on the probability of using LPG 

instead of other fuels, while Heltberg (2005) finds that farm households are less 

likely to use LPG only.  

Other wealth indicators that were found to influence fuel switching behavior are 

house ownership, the use of a cooking facility inside a room used for living and/or 

sleeping, and household connection to the electricity grid. Barnes et al. (1996) 

suggest that where electricity is available, fewer barriers constrain other modern 

fuels as well, and that the availability of light and other appliances spurs people to 

a greater acceptance of modern fuels. Similarly, we also find a strong link between 

the connection of a household to the electricity grid and a switch to portfolios 

including the modern fuels LPG and kerosene.  

For house ownership a significant negative effect is found for the switch to the 

charcoal and kerosene portfolios. This seems odd perhaps at first, but can be 

supported by the argument that house ownership does not automatically imply 

higher purchasing power. It does provide freedom of space management in the 

house (Ouedraogo, 2008). Under rental conditions tenants might not be allowed to 

use firewood or have no storage space accommodating firewood stacks. Our house 

ownership results are in line with the findings of both Ouedraogo (2006) and 

Pundo and Fraser (2006). They also found that house ownership increases the 

likelihood of households using firewood over modern fuels. Their findings relate to 

both urban and rural settings,  which suggests that  rules and regulations of tenancy 

contracts are  the main driver behind this. 

The use of a room used for sleeping and/or living as the main place for cooking is 

positively related to a switch away from firewood. The use of modern fuels is 
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therefore not prohibited by the lack of specifically designed kitchen spaces. The 

study by Ouedraogo (2006) was the only previous study to include cooking space 

as a determinant. Where this latter study addressed indoor facilities in general, we 

investigate and test here the effect of cooking in a room used for living or sleeping, 

as literature on fuel switching suggests that this prohibits moving to improved 

cooking technologies (Sesan, 2012).  

Other wealth indicators that did not show a significant relationship with fuel 

switching in our study are the number of rooms in the house, which in the study by 

Heltberg (2005) was found to positively influence a switch to LPG, and having 

access to tap water which was found to significantly reduce the probability of using 

solid fuels only and increase the likelihood of using non-solid fuels (Heltberg, 

2004) 

Finally, we introduce a new variable in the literature measuring household 

awareness of health risks associated with cooking on firewood. Indoor air pollution 

is linked to diseases such as pneumonia in young children under 5 years and 

chronic obstructive pulmonary diseases such as chronic bronchitis and emphysema 

in women (WHO, 2011). Furthermore, daily discomfort experienced by women 

from coughing, headaches, stinging eyes and backaches are commonly associated 

with traditional cooking methods (WHO, 2008). Results show that household heads 

who are aware of the health effects are significantly more likely to switch to the 

cleanest portfolio which includes LPG. 

Household external environment characteristics 

The household external environment focusses on two main dimensions: natural 

resource endowment and biomass pressure measured through the two distinct rural 

areas, and market access measured through the comparison of the two rural areas 

with the peri-urban study location. 

The results show a significant effect of location on fuel switching. Households in 

the peri-urban location are significantly more likely to switch away from firewood 

to more advanced portfolios than households in the rural locations. This is in line 

with the expectation that a higher degree of urbanization induces fuel switching 

behavior. The proximity to an urban center and hence markets enhances the 

enabling environment in which energy transitions take place. The results show 

indeed that with increasing levels of urbanization households switch to more 
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advanced fuel portfolios. This is in line with results presented Mekonnen and 

Kohlin (2008) and Hosier and Dowd (1987).  

In earlier studies the impact of resource scarcity was measured through 1) 

household perception of the biomass pressure in its surroundings  e.g. difficulty of 

collecting firewood (Hosier and Dowd, 1987), and 2) the impact of community 

distance to firewood (Heltberg, 2005). Households who do not perceive fuel wood 

as difficult to collect  prefer wood-based fuels to a commercial fuel option, but no 

relationship was found between distance to fuel wood and fuel switching. This was 

explained by the finding that distance to collection place and collection time are 

not reliable indicators of fuel wood shortages (Brouwer et al.,1997). In this study, 

we attempted to see the impact of resource scarcity on fuel switching behavior by 

the inclusion of two rural locations that experience different natural conditions. No 

statistical differences are found between the two rural locations for any of the 

energy profiles. This implies that in the current state of the energy transition 

process no differences can be detected that relate to the resource endowment of the 

specific rural location.  

3.5  Conclusions 

Existing  studies  using  a  multinomial  logit  modeling  framework  to  explain  

fuel  switching behavior in developing countries have primarily focused on 

household internal characteristics. Hardly any attention has been paid to the 

external conditions to which these households are exposed. In this chapter we 

assessed the fuel strategies employed by rural and peri-urban households in 

Kenya and analyzed the determinants of fuel switching behavior in three areas 

with varying natural resource and infrastructure conditions. The results show 

that the ongoing transition process in the study areas is best described by multiple 

fuel use representing an energy portfolio. The transition process still finds itself 

in the initial stages where energy stacking is common even among the 

wealthiest households. 

Households in the peri-urban location were found to have a significantly more 

diversified fuel portfolio than households in the two rural areas. The combined use 

of firewood and charcoal is most common in all three locations. With increasing 

income, the use of firewood declines, while the opposite trend is observed for the 

use of charcoal. In the rural areas the switch to a combined firewood-charcoal 

portfolio takes place at significantly higher income levels than in the peri- urban 

area where income differences between firewood and firewood-charcoal users 
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are absent. Potentially the high market dependence for firewood and the related 

cost of using firewood in the peri-urban area has limited the impact of income on 

fuel choices in the initial steps of the energy transition process. 

As expected, the peri-urban households are more advanced in terms of the use of 

modern fuels, although often still in combination with a traditional biomass fuel. 

Peri-urban households are more likely to switch away from firewood to more 

advanced fuel portfolios than households in both rural locations. In both rural 

locations the use of modern liquid fuels is still rare. Those households that include 

modern fuels in their portfolio are found in the higher income classes. This 

confirms that proximity to an urban center enhances the enabling environment 

in which energy transitions take place. 

However, we were unable to find a significant effect for resource scarcity on fuel 

switching behavior. This implies that in the current stage of the energy transition 

process no differences can be detected that relate to the natural resource 

endowment of the rural locations. The major difference found in the fuel strategy 

between the two rural locations does not involve the fuel portfolio self, which is 

fairly similar between the two locations. More important is the household strategy 

to acquire the biomass fuels they need. Although the ecology of Solai is less 

favorable for firewood collection compared to the forested area of Likia, we found 

a higher share of households fetching firewood in Solai than in Likia. In Solai 

people seem to have adapted to the relative scarcity of firewood by exploiting 

their farmland resources as a strategy to fulfill their energy needs. In Likia, 

markets provide half of the households with firewood for cooking, and it seems 

that the proximity to the forest has enhanced the emergence of consumer markets 

for biomass fuels.  

Finally, this study adds to the existing literature and confirms the relevance and 

importance of previously studied household internal factors that drive energy 

switching behavior, but also of external factors such as market access. New in this 

study is furthermore the finding that households who are more aware of the 

health effects of traditional cooking practices and fuel uses are significantly 

more likely to switch to cleaner energy portfolios, including modern fuels like 

LPG. In view of the still limited knowledge of the health complications related to 

traditional cooking practices, improving health awareness is expected to 

significantly benefit a transition to cleaner fuels too. 


