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CHAPTER FOUR 

The impact of the household decision 

environment on fuel choice behavior
7
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 This chapter is based on B van der Kroon, R. Brouwer and P.J.H van Beukering (2014) The 

impact of the household decision environment on fuel choice behavior. Energy Economics 

44, 236-247 
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4.1 Introduction 

Around 90 percent of the energy consumed by households in developing countries 

is used for cooking, making it the most energy intensive household activity (WEC, 

1999; Murphy, 2001). In Sub-Saharan Africa (SSA) wood based fuels (firewood 

and charcoal) are the dominant source for domestic energy, used by some 80 

percent of the households (World Bank, 2011). Whereas in other developing 

countries the use of wood as an energy source has already peaked or is expected to 

do so in the near future, in SSA it is predicted to remain at current levels and may 

even continue to grow (World Bank, 2011).  

In this study, we examine cooking energy switching behavior and determinants of 

household decisions focusing on rural and peri-urban areas in Kenya. Whereas 

previous studies mainly addressed socio-economic household characteristics in 

describing fuel switching behavior (e.g. Heltberg, 2004; Hiemstra-van der Horst 

and Hovorka, 2008), we focus specifically on the relationship between product 

choice and decision environment, including household internal factors such as 

current traditional practices and income constraints, and external factors such as 

market access and resource availability. The main objective of this study is 

therefore to test the impact of contextual factors on fuel switching behavior and 

improved cookstove adoption. To this end, we develop and apply a choice 

experiment focusing on three fuel-stove combinations that represent different 

stages on the energy ladder. We target both men and women to account for 

possible gender effects. Existing studies on cooking fuels and cookstoves are 

primarily oriented towards female household members. Traditional gender 

relations in SSA show that the household’s domestic tasks such as food preparation 

are indeed considered women’s responsibilities, but men are often the decision-

makers regarding the household’s financial issues. By focusing on rural and peri-

urban areas this study moreover contributes to the small body of empirical 

literature on energy transitions in such locations where little is known about 

household behavior. 

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

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

design and section 4  describes the econometric model used. In section 5 the survey 

implementation is presented. Section 6 discusses the results and conclusions are 

drawn in Section 7. 
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4.2 Background 

Biomass fuels are typically burned in open fires and traditional stoves that are 

known to do little to control combustion or optimize heat transfer and are thus 

highly inefficient in their use of fuel. This inefficiency is accompanied by a range 

of social and environmental challenges, including public health problems due to 

incomplete combustion (Grieshop et al., 2011), local degradation of forests and 

woodlands, large scale changes in land cover and greenhouse gas emissions (Bailis

et al., 2012). To overcome these negative effects, a transition towards cleaner and 

more efficient fuels is needed. Switching from traditional biomass to modern fuels, 

such as liquefied petroleum gas (LPG), biogas and ethanol is generally considered 

desirable as these fuels are expected to bring about the largest improvements, 

especially in use efficiency and public health conditions (Schlag and Zuzarte, 

2008). In Africa’s rural areas, little activity is recorded with regards to fuel 

switching by households (e.g. Barnes et al., 1994; Mirza and Kemp, 2009). In 

many rural communities, access to modern alternatives is limited as a result of low 

levels of availability and affordability, and biomass remains the most practical fuel 

for the foreseeable future (Barnes et al., 1994; Arnold and Persson, 2003; Masera

et al., 2005). Here, improved cookstoves could serve as an intermediate step on the 

energy ladder (Arnold and Persson, 2003).  

Despite numerous stove dissemination projects, the number of people that have 

adopted improved cookstoves remains relatively low (Karekezi et al., 2004; Legros

et al., 2009; Jan et al., 2012). While their uptake in urban areas in SSA has been 

more widespread, rural households do not seem to have adopted improved stoves 

on a significant scale (Vermeulen, 2001). Abundantly available biomass, collected 

free of monetary costs, pose a serious barrier for successful diffusion of improved 

cookstoves. Rural households do not seem to feel a sense of urgency or experience 

a need to alter their behaviour and switch to more costly, but also more efficient 

fuels and technologies (Heltberg, 2004). The recently observed increase of 

commercial firewood transactions suggests growth potential of rural markets for 

improved cookstoves (Arnold et al., 2006). In order to assess this potential, it is of 

paramount importance to understand the behavioural drivers underlying household 

decision-making processes with regards to fuel use (Goldemberg et al., 2004; 

Schlag and Zuzarte, 2008).  

The transition away from biomass to modern fuels has been described in the 

literature primarily based on the so-called “energy ladder” (Leach, 1992). The 

model underlying the energy ladder assigns differences in energy-use patterns 

between households to variations in economic status (Hosier and Dowd, 1987; 
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Leach, 1992; Barnes and Floor, 1996). Non-income factors are thought to have 

little effect on fuel selection. Furthermore, it is assumed that households, while 

climbing the ladder, displace one fuel by another. The fuels on the energy ladder 

are ordered according to households’ preferences, which are in turn based on 

physical characteristics of the fuels, including cleanliness, ease of use, cooking 

speed, and efficiency (Hiemstra-van der Horst and Hovorka, 2008). A growing 

body of empirical literature on household energy use shows, however, that the 

energy transition does not occur as a series of simple, discrete steps as predicted by 

the energy ladder model. Instead, multiple fuel use is more common and is also 

referred to as fuel stacking (Leach, 1992; Davis, 1998; Karekezi and Majoro, 2002; 

Campbell et al., 2003; Brouwer and Falcao, 2004; Heltberg, 2004; Martins, 2005; 

Arnold et al., 2006; van der Kroon et al., 2013). With increasing income, 

households adopt new fuels and technologies that serve as partial, rather than 

perfect substitutes for more traditional ones.  

Both the energy ladder and stacking model fail to fully explain the role of 

consumer choices in fuel and stove selection (Hiemstra-van der Horst and 

Hovorka, 2008; Takama et al., 2012). Numerous revealed preference studies made 

an attempt to provide a more comprehensive picture by analyzing fuel switching 

behavior and cookstove adoption focusing on socio-economic determinants in the 

form of household characteristics and factor endowment (Sathaye and Tyler, 1991; 

Masera et al., 2000; Israel, 2002; Campbell et al., 2003; Heltberg, 2004; Gupta and 

Kohlin, 2006; Farsi et al., 2007; Hiemstra-van der Horst and Hovorka, 2008; 

Mekonnen and Kohlin, 2008; Schlag and Zuzarte, 2008). These studies led to the 

identification of distinct profiles of households based on their fuel choice behavior. 

Takama et al. (2012) argue that studies based only on socio-economic factors do 

not provide sufficient information for the practical design of programs or policies 

to promote energy transitions in view of the fact that these factors are not easily 

changed. They advocate the inclusion of product-specific factors, such as the 

characteristics of cookstoves. Product-specific factors will vary, and can therefore 

be adjusted in the short term based on the market availability of new products and 

people’s awareness and understanding of the available alternatives (Takama et al., 

2012).  

In this study, we argue that household choices are not made in a vacuum, but 

instead shaped by the environment in which people operate. We refer to such an 

environment as the ‘household decision environment’, representing a complex web 

of factors that influence behavior (van der Kroon et al., 2013). To structure and 

describe the household decision environment, the decision framework developed 
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by Bruntrup and Heidhues (2002) has been modified in this study to account for 

household fuel choices. Within this household decision environment, a distinction 

is made between 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 labor 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 (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.  

The general structural cooking fuel demand model is summarized in Equation 1 

(modified from Bohi and Zimmerman, 1984): 

�
=

=
K

k

nknknf CRQ
1

               (4.1) 

where Qnf represents household n’s demand for fuel f, which is typically a 

combined function of the available cooking stoves Cnk in the household, and the 

utilization rate Rnk . Since for each fuel typically different stoves with specific 

characteristics are on the market, equation (4.1)  accounts for the fact that different 

types of stoves can be used by the household. 

Demand for the cooking stove technology Cnk  in Equation (4.2) by household n

depends on and is a function of ϕ ,  the characteristics of the cooking stove 

technology Ak, the purchase price of the particular stove technology Pk, the price of 

fuel f Pf, the price of alternative fuel g Pg (for all f�g), household income Yn, other 

household characteristics Zn, such as household size, and external decision 

environment factors En such as the presence or absence of markets for cooking 

stoves and fuels.

),,,,,,( nnngfkknk EZYPPPAC ϕ=              (4.2) 

The utilization rate Rnk is in turn a function ϑ  of  the price of the fuel Pf, 

household income Yn, other household characteristics Wn such as traditional 

cooking practices, and external household characteristics such as the abundance or 

lack of fuel resources En. The price of alternative fuels g is not included in 

Equation (4.3) under the assumption that each cooking stove technology is 

operated on a single fuel type.  
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),,,( nnnfnk EWYPR ϑ=               (4.3) 

In this study, Equations (2) and (3) are combined into one single reduced form 

function, as presented in Equation (4.4): 

),,,,,,( nnngfkknf EIYPPPAQ ς=              (4.4) 

where the household internal decision environment characteristics for the demand 

of cooking stove technologies and fuels are combined in In and household external 

decision environment characteristics in En. 

4.3 Choice experiment design  

A choice experiment (CE) is a stated preference method which allows products to 

be specified based on their characteristics (Hensher et al., 2005). The relevant 

product characteristics are varied and make up alternatives between which 

consumers are asked to choose. Based on their choices for different compositions 

of these characteristics in a product, one learns about their underlying preferences 

and willingness to pay. Unlike surveys of observed or revealed preferences, a 

stated preference survey is better equipped to accommodate alternatives that are 

unfamiliar to the respondents or are not yet available on the market. As far as we 

know, the study by Takama et al. (2012) is the only existing study that has used a 

CE to elicit household preferences for cookstoves in a developing country context. 

They estimate the relative strength of product-specific factors in determining fuel-

stove choices at the household level in Addis Ababa across different income groups 

and conclude that product-specific factors, such as smoke level, safety, price and 

usage costs, significantly affect stove and fuel choices.  

Since the majority of improved stoves are designed to burn one specific type of 

fuel, the CE design in our study consists of three distinct fuel-stove combinations 

as labeled choice alternatives. These labeled alternatives comprise the two most 

commonly used and well known cooking fuels in the area, firewood and charcoal, 

and the modern fuel ethanol. Ethanol is a renewable form of energy produced 

through the fermentation and distillation of sugars or starch crops. It has a high 

efficiency and cleanliness level compared to the two traditional fuels most 

prevalent for cooking (Kassa, 2007). Following the energy ladder model, based on 

its characteristics ethanol is expected to be higher ranked on the ladder than 

firewood and charcoal. Ethanol was added to the design to test household’s interest 
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for modern fuels and hence obtain insight in possible energy transition processes. 

To this end we test whether a substitution pattern in line with the energy ladder 

model can be observed. All three fuels can be purchased in small quantities, which 

avoids the problem of lumpy payments and makes the fuels comparable for design 

purposes. A fourth alternative is also added, providing respondents with the 

possibility to opt-out and stick to their baseline alternative, i.e. their current choice 

for a specific fuel-stove combination. This allows us to interpret the results of the 

CE in standard economic welfare terms (Hanley et al., 2001). 

The set of attributes used in the CE and their levels are summarized in Table 4.1. 

Weekly fuel costs are a combination of stove efficiency and price levels of the 

corresponding fuel. These costs were standardized for an average family of five 

people, the average family size in Kenya (KNBS 2006) and in the research area. 

This provided the respondents with a point of reference for the fuel costs as the fuel 

costs might fluctuate per family. In the introduction of the choice experiment it was 

explained that the fuel costs indicated on the choice card were based on the costs 

incurred by a family of five members. Fuel costs of wood were expressed in 

monetary terms to make alternatives comparable with one another. The ranges of 

the price levels for charcoal and wood were estimated based on local market 

information. Pre-tests showed that respondents in the study area are familiar with 

current market prices of these fuels. Ethanol is, however, not yet widely available 

as a household cooking fuel and market prices are therefore not easily available for 

this specific alternative. Ethanol usage cost is set at a low level to provide 

consumers with a modern alternative that is competitive with traditional fuels. A 

comparatively higher ethanol stove price is used to evaluate the impact of upfront 

costs on choice behavior. Sensitivity of respondents to the health impacts of smoke 

was measured through various smoke levels. An easy understandable, neutral 

narrative was used to explain to respondents the relationship between health 

problems and the level of smoke emitted by cookstoves.  

Alternatives were created by combining the 5 attributes presented in Table 4.1 

based on their different attribute levels. Since respondents could not be shown all 

different choice combinations, the number of possible combinations was reduced to 

ten sets of six choice tasks based on a D-efficient fractional factorial design. The 

statistical design generated in Sawtooth focuses on main effects, not choice 

attribute interactions since this was not the main objective of the study. For the 

generation of the design, we used a balanced overlap procedure, meaning that 

attribute levels have an equal probability of being included in the design, but 

overlap is minimized. This procedure approximates orthogonality conditions and 
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allows for testing of predefined relationships between choice attributes. The labels 

for the alternatives were fixed in the design, and presented in the same order on 

each choice card. Every respondent was randomly offered one of the ten choice 

sets. Detailed simulation results are available upon request from the authors. For a 

comparison of the different Sawtooth design strategies with other well-known 

design strategies we refer the interested reader to Chrzan and Orme (2000). 

Table 4.1 Overview of attribute levels 

4.4 Econometric model 

Modeling of discrete choice data finds it roots in random utility theory (McFadden, 

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

reflecting demand. Using the same terms as in demand Equation (4.4), respondent 

n is assumed to consider the full set of offered alternatives i and choose the 

alternative with the highest utility. Utility Uni is decomposed into a deterministic 

component Vni and a stochastic component �ni. Building on Lancaster’s theory of 

consumer choice, utility is not derived from the good itself, but its attributes. The 

deterministic part of utility Vni is typically defined as a linear function of its 

attributes Xni (Equation 5).  

ninininini XVU εβε +=+=                           (4.5) 

The random utility model can be transformed into different classes of choice 

models by making different assumptions about the distribution of the error term 

(Jaeger and Rose, 2008). In this study a mixed logit model is applied, which 

overcomes the three main limitations of the standard multinomial logit model, i.e. 

Labeled alternatives 

Attributes Wood stove Charcoal stove Ethanol stove 

Fuel costs per week (Ksh) 100,200,300 125,225,300 75,175,275 

Time reduction 

(minutes/day)

0,30,60 0,30,60 0,30,60

Smoke level none, low, 

moderate, high 

none, low, 

moderate, high 

none, low, 

moderate, high 

Environmental impact small, medium, 

high 

small, medium, 

high 

small, medium, 

high 

Stove costs (Ksh) 200,600,1000,1400 200,600,1000,1400 500,1000,1500, 

2000 
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allowing for random taste variation, unrestricted substitution patterns and 

correlation in unobserved factors (Train, 2003). Mixed logit models include error 

components (EC) and random parameter logit (RPL) models. RPL models assume 

that the choice attribute coefficients follow an underlying distribution instead of 

being fixed, accommodating preference heterogeneity in the population. EC 

models allow for correlation between the unobserved utility �ni of different 

alternatives. Thereby, they avoid the assumption of identical and independently 

distributed (i.i.d.) errors and allow for heteroskedasticity in the error term. EC 

models can address correlation between the alternatives by including a common 

random parameter with zero mean in the utility function specification of those 

alternatives that are likely to be correlated (Brownstone and Train, 1998). These 

models can also be applied when comparing less familiar hypothetical alternatives 

with better known ones (Scarpa et al., 2005)  

The choice probability function of a mixed logit model is described in Equation 4.6 

as the integral of the conditional individual probabilities over all possible choice 

variables and their marginal utilities measured by �. Here,  f(�|�) is the density 

function of � with distribution �. 

( ) βθβ
β

β

dfP

j

ni � �
= )|)

e

) e
(

nj

ni

x

x

      for all i�j                                               (4.6)                            

This choice probability cannot be calculated exactly and is therefore approximated 

through simulation (Brownstone and Train, 1998). In addition to relaxing the 

assumption of fixed coefficients and error terms, the mixed logit specification also 

allows for a correct treatment of the repeated choices in the panel data.  

The indirect utility functions underlying the model for the described labelled 

choice experiment can be specified as follows:  

ninniinnnniiniin DtEnvironmenSmokeTimetFuelASCU ελβββββ +++++++= Stovecostcos 54321

(4.7)                               

where, ASC is the alternative specific constant for the three fuel types, followed by 

the attributes listed in Table 4.1. The � parameters for Time, Smoke and 

Environment are individual specific in the indirect utility function, while the �

parameters for the choice attributes Stovecost and Fuelcost are also alternative 

specific. Correlation between the alternatives is accounted for by including an error 

component in the utility function specification to allow for heteroskedasticity 

between those alternatives that are likely to be correlated. A dummy 
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variable Di  taking the value 1 each time one of the hypothetical alternatives is 

chosen is included in the utility function. � is the parameter of the error-component 

and is assumed to have a standard normal distribution N[0,1]. Finally, �n is the 

individual specific error term.  

4.5 Sampling design and survey implementation 

The experimental design for this study was developed through a series of focus 

group discussions with men and women, expert interviews, literature review, and 

pre-tests in the field based on in-person interviews. The main purpose was to 

identify and describe the most relevant attributes and associated levels for the 

purchase of cookstoves and associated fuels. Five main attributes were identified as 

relevant: weekly fuel costs, cooking time reduction per day, smoke emission level, 

environmental impact and stove price. 

To make the choice experiment understandable for all respondents, the attribute 

levels were visualized on choice cards using pictograms and as little text as 

possible (See Figure 4.1 for an example choice card). The CE was introduced to 

respondents using a short standardized explanation of the choice task, including an 

overview of all attributes and levels and a reminder to take into account the 

household’s current budget when making decisions. To make sure respondents had 

a clear understanding of the choice task, they were first asked to make their choice 

using an example card. Here, they were allowed to ask questions about the choice 

task before the experiment started. Next, each respondent was randomly shown one 

of the ten sets of six different choice tasks and asked to state their most preferred 

alternative on each choice card.  

The study was carried out in Nakuru County located in Kenya’s Rift Valley, 160 

km North-West of Nairobi (see Figure 4.2). Over the past decades Nakuru has 

witnessed a rapid population growth and related demand for food, land and energy, 

exerting increasing pressure on local resources (Roba and Mwasi, 2006). The 

County covers an area of 7,242 km
2 
with a total population estimated at 1.3 million 

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

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

home to the Mau Forest, the largest remaining primary forest of Kenya. The forest  

is under increasing threat from illegal and ill-planned settlements, encroachments 

and illegal forest resource exploitation. Over the last decades, over 100,000 

hectares (about 25% of its original size) of the forest have been lost. Under the
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Figure 4.1 Example choice card 

�
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2005 Forestry Act, access to the forest was prohibited. Officially, firewood can 

only be collected in the forest when holding a permit.  

Cooking in the county is still highly dependent on wood-based fuels. Firewood and 

charcoal are the main cooking fuels for 42 and 37 percent of the households 

respectively
8
, while modern fuels such as kerosene and LPG are used as a main 

fuel by respectively 14 and 3 percent of the households (GoK, 2002). The 

traditional three stones and iron sheet stoves for firewood and charcoal are the most 

widely used cooking devices. The adoption rate of improved firewood stoves, the 

so-called Kuni Mbili and Maendeleo Jiko, has been very low with a penetration 

rate of no more than 4 percent among firewood users (GoK, 2002)
 9
.  

In contrast, the Kenya Ceramic Jiko used for charcoal has been adopted by 47 

percent of the households (ibid). The study locations were selected based on 

variations in the external factors of the decision environment, the main selection 

criteria being: (i) market access and infrastructural development, and (ii) agro-

ecological character and biomass resource endowment (see Table 4.2)
10

. To capture 

the necessary variation in external factors, one peri- urban
11

 and two rural locations 

in Nakuru County were selected. The peri-urban location is expected to be an 

intermediate stage between the urban energy profile and the rural energy profile, 

with the former depending more on modern forms of energy and the latter on 

���������������������������������������� �������������������
8 These percentages are for the county as a whole. There are no data available for the rural-urban 

divide for Nakuru. Data for Kenya as a whole show that in rural areas firewood and charcoal are the 

main fuel for 88 and 8 percent of the households respectively. In urban areas 10 percent of the 

households mainly use firewood for cooking and 30 percent charcoal. The rest uses a modern non-

wood based fuel (GoK, 2002).    
9 The term improved cookstove is used for a wide variety of replacements for traditional cooking 

methods with a correspondingly large variation in performance (Grieshop, 2011). The main technical 

principles are always the same: improved combustion and improved heat transfer to the pot 

minimizing the release of harmful emissions and reducing fuel requirements (Bryden et al., 2006). 

The key feature is the use of an insulating material such as clay or mud. The Kenyan Ceramic Jiko  

has a ceramic liner placed in a metal structure that is protected from deterioration from the stove’s 

heat. The Maendeleo jiko is made  from a clay liner installed in a  mud surround which helps keep it  

firm and provides extra insulation .The Kuni mbili  is an efficient fire-wood burning stove which is 

adaptable to using charcoal. It combines the characteristics of the Kenya Ceramic Jiko and the 

Maendeleo stove. These stoves are all common types used in Kenya.��

10 An agro-ecological zone is a land resource mapping unit, defined in terms of climate, landform, 

soils, and land cover, having a specific range of potentials and constraints for land use (FAO, 1996).
11 Peri-urban is defined in this study as the area adjoining an urban area, between the suburbs and the 

countryside. It is a “transition zone”, where urban and rural activities are juxtaposed, and landscape 

features are subject to rapid modifications. 
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traditional forms. We hypothesize that market development and access to biomass 

resources are important determinants explaining household fuel switching and 

cookstove adoption behavior. The peri-urban location was chosen such that it 

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

The transitional state of a peri-urban location alters the decision environment of 

households from their rural counterparts as the proximity to an urban centre 

enhances the development of local market structures and increases the availability 

of public and other infrastructure facilities to households. It is expected that peri- 

urban households have limited access to free biomass resources, but have better 

access to modern cooking technologies and fuels. This leads to a higher degree of 

market dependence for fuels and hence higher monetary fuel costs. Furthermore, 

the proximity to an urban centre enhances the awareness of modern products.   

        Figure 4.2 research locations 
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The rural locations were selected based on their distinct agro-ecological character 

and related biomass resource endowment. It is hypothesized that households with 

abundant access to biomass resources will be less likely to switch to alternative, 

more costly fuels or technologies (Heltberg, 2004). Respondents in the resource 

scarce location are expected to value the improved stoves higher than respondents 

in the resource abundant location. In order to control for other influencing factors 

besides infrastructural development and market access, the two selected rural areas 

are similar in all other respects, most importantly with regards to (i) population 

density; (ii) distance to the nearest town; (iii) access to main roads; (iv) wealth, and 

(v) availability of alternative income generating activities.  

The peri-urban location included in this study is Kiamaina, which is a sub-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 and used 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 4.2 for an overview of the main characteristics of the locations.   

Table 4.2 Location characteristics 

Location Sub-

location 

Type of 

location 

Population 

density 

Distance to 

Nakuru (km) 

Agro-ecological 

zone 

Forest 

Kiamaina Rurii Peri-

urban 

1886 10 Lower highlands No 

Likia a Likia & 

Nyandimu 

Rural 218 48 Upper-highlands Yes 

Solai Ruiru & 

Nyandundu 

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.  



Chapter 4 

;;�

�

The survey was carried out in March and April 2012 among a total of 600 

households randomly selected from the three locations in Nakuru County. In each 

location 200 household interviews were conducted by a team of trained 

interviewers. After data cleaning the useable response was reduced to 592 

households and 1045 male and female respondents. The interview consisted of five 

main parts: questions covering 1) household socio-demographic characteristics, 2) 

current fuel use and cooking practices, 3) household knowledge and awareness of 

the risks related to cooking with biomass, 4) the CE, and 5) income and assets. The 

survey targeted both the household as a whole in the general part of the 

questionnaire and the head of the household and, if married, the spouse 

individually for the CE and awareness section.  

4.6 Results   

�

4.6.1 General sample characteristics 

The sample’s main socio-economic characteristics and the household energy 

profiles are presented in Table 4.3. Fifty-five percent of the sample is female and 

the average age of the respondents is 41 years (with a range from 18 to 91). The 

majority of the respondents have completed primary school. Households consist on 

average of 4.7 members. A minority of households (around 20 percent) is headed 

by women. 

The three locations differ in terms of their main income generating activities. A 

majority of households in the three locations are engaged in farming, but only in 

Likia is this the main source of income for a majority (56%) of the households. In 

Solai agriculture and casual labor are found to be the main income generating 

activities. Based on the agro-ecological characteristics of both rural locations these 

findings are as expected. The relatively high dependence of rural households on 

casual labor is explained by the presence of the large scale coffee plantations in 

Solai and flower farms in Likia. As expected, in Kiamaina salaried employment 

and self-employment are more important than in the rural areas. The average 

income is Ksh 128,260 per year or USD 1,540
12

. Income in Kiamaina is higher 

than in the rural areas, but only significantly so compared to Likia. The 

���������������������������������������� �������������������
12 The average exchange rate (Ksh to US dollar) in April 2012 was 0.0120. 



�

;<�

�

contribution by women to household income is highest in Solai where over 40 

percent of the women are engaged in off-farm income generating activities. This is 

significantly lower in Likia and Kiamaina. Comparing a range of wealth indicators 

(ownership and construction material of the house, size of the house measured 

through the number of rooms, electricity connection, whether households have a 

mobile, television or solar panel) show that households in both rural areas are 

similar in terms of wealth. 

4.6.2 Household energy choices and cooking practices 

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

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

Households in Kiamaina have a significantly broader fuel portfolio than the 

households in the two rural areas. Firewood and charcoal are the most common 

combination of multiple fuel use. Among these rural households, firewood remains 

the main fuel choice. About 40 percent of the households solely depend on 

firewood for their daily cooking needs. In the peri-urban area a rather different 

pattern emerges: 63 percent of the households indicated to use firewood, but only 8 

percent uses firewood as their only cooking fuel.  

While firewood is generally assumed to be collected free of monetary costs, 

commercialization of firewood transactions is observed in all three locations. In the 

peri-urban location 68 percent of the firewood users completely depend on the 

market for their firewood. In Likia, half of the households using firewood depend 

on the market, while at the same time a relatively large group still fetches firewood, 

either from their own land or the forest. In Solai, the majority of households fetch 

firewood for their cooking needs. However, also in this location around a quarter of 

the households fully depend on the market for firewood. Households fully relying 

on firewood are found to be more likely to fetch firewood than households who 

have diversified their energy portfolio. In Solai the main source for the collection 

of firewood is the household’s own farmland. In Likia the forest provides firewood 

for more than half of the households, and a relatively smaller share collects it from 

their land.  

Households using the liquid fuels LPG and kerosene are mostly found in peri-urban 

Kiamaina. Liquid fuels seem to function mainly as a complement rather than a 

replacement of wood-based fuels in view of the fact that only a relatively small 

group uses liquid fuels as their main cooking fuel. Households who rely on local 

markets for all or part of their energy needs spend, on average, Ksh 294 per week
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Table 4.3 Descriptive statistics 

Household characteristics Total Kiamaina 

(peri-urban)

Likia       

(rural)

Solai 

(rural)

KW-

testa (�2) 

Pearsonb

(�2) 

General characteristics       

Mean age respondent (years) 40.9 39.4 41.8 41.4 7.13**  

Mean age household head (years) 44 42 45 45 5.34***  

Share of women (%) 55 55.5 55.2 54.1  2.25 

Education level respondent 

(median) 

primary primary primary Primary   

Household size (# people) 4.7 4.5 5.0 4.7 7.56**  

Share of female headed 

households (%) 

19.5 21.3 20.3 16.7  1.51 

Share connected to electricity 

grid (%) 

25.3 56.9 9.6 9.6  155.00*** 

Share own solarpanel (%) 13.7 7.6 14.7 18.7  10.52*** 

Share own tv (%) 

Share own mobile (%) 

46.3 

94.6 

65.5 

96.4 

31.0 

94.4 

42.4 

92.9 

 48.98*** 

2.40 

Tenure of house (%) 

• Rent 

• Own 

15.9 

83.6 

25.9 

73.6 

12.7 

87.3 

9.1 

89.9 

 23.07*** 

Number of rooms in the house 

Mud house walls(%) 

Share plant trees for fuel (%) 

2.9 

70.9 

69.1 

2.9 

51.3 

53.2 

2.9 

81.2 

72.5 

2.9 

80.3 

81.3 

0.092  

55.49*** 

41.4*** 

Income characteristics       

Mean household income 

(Ksh./year) 

128,260 140,700 123,600 120,530 5.26*  

• First quartilec 60,000 60,000 50,000 64,500   

• Second quartile 100,000 116,000 92,000 93,000   

• Third quartile 160,000 180,000 150,000 150,000   

Share active in agriculture (%) 85.5 71.1 95.9 89.2  49.3*** 

Main economic activity (%) 

• Farming 

• Self employed 

• Salaried employment 

• Casual labor 

• Other 

38.2 

18.4 

15.7 

26.7 

1.0 

16.8 

31.0 

24.9 

26.8 

0.5 

56.3 

8.7 

11.7 

22.3 

1.0 

32.8 

18.7 

16.2 

30.8 

1.5 

 54.2*** 

Share woman earn income (%) 33.0 32.6 23.0 42.9  16.5*** 
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Table 4.3 continued 

 Total Kiamaina 

(peri-

urban) 

Likia       

(rural)

Solai 

(rural)

KW-testa 

(�2) 

Pearson
b 

(�2) 

Household energy use characteristics

Average number of fuels 1.7 1.8 1.6 1.6 18.07***  

Average household fuel 

expenditures (Ksh/week)d 

294 332 295 242 37.07***  

Fuel portfolio (share in %) 

• Firewood 

• Charcoal 

• Firewood /charcoal 

• Liquid fuels 

• Firewood/charcoal / 

liquid fuels 

30.6 

7.4 

49.7 

0.5 

11.9 

7.6 

17.8 

52.8 

1.5 

21.3 

41.2 

3.0 

50.8 

0 

5.0 

43.4 

1.5 

45.4 

0 

9.7 

 122.12*** 

Share using firewood (%) 

• Share using a traditional 

cookstove 

 Collection modes (%) 

85.0 

96.0 

62.9 

92.7 

96.4 

96.3 

93.5 

97.9 

 112.1*** 

5.25* 

63.4*** 

• Fetch 

• Purchase 

• Fetch & purchase 

40.0 

45.7 

14.3 

16.1 

67.7 

16.1 

38.4 

50.5 

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 using charcoal (%)  67.6 90.9 58.4 53.5  74.1*** 

• Kenya Ceramic Jiko 78.5 96.6 55.7 72.6  72.6*** 

Cooking facilities (%) 

• outdoors 

• separate room/building 

• Inside room used for 

living/sleeping 

7.1 

78.7 

14.2 

9.6 

60.4 

29.9 

4.1 

90.3 

5.6 

7.6 

85.4 

7.1 

 99.7*** 

Mean cooking time (hours/day) 2.6 2.6 2.7 2.7 1.79 
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na: not available due to limited number of counts in some of the cells in the cross-tabulation and 

therefore not considered reliable. 

a: Kruskal wallis test comparing the three research location 

b: Pearson Chi Square test comparing the three research location 

c: We present the upper boundaries of the income quartiles. The upper boundary of the second 

income quartile is equal to the median 

d: The estimation of weekly fuels costs excludes households that have have 0 expenditure due to full  

dependence on fetched firewood. 

e: A scale from 1 to 5 has been used with 1 referring to low smoke levels and 5 to high smoke levels 

on fuels. Household spending on fuels differs significantly between the three 

locations, with the highest amount spent in Kiamaina. This confirms our hypothesis 

that households in peri-urban areas have a higher level of market dependence than 

rural households.  

Between 70 and 77 percent of households reported to have 3 meals per day. Ugali, 

a pasty substance made by stirring corn flour in boiling water, is the most popular 

food across the three locations and is relatively fast to prepare. On average, 2.6 

hours are spent every day on cooking, mainly by woman. Cooking is most often 

done in a separate room or building. In the peri-urban location about a quarter of 

Table 4.3 continued

Total Kiamaina 

(peri-urban)

Likia       

(rural)

Solai 

(rural)

KW-testa 

(�2)

Pearsonb 

(�2)

Individual environment and health awareness   

Share aware of environmental 

issues 

• Men 

• Women 

89.8 

79.1 

88.3 

75.0 

92.9 

83.8 

87.0 

78.5 

3.78 

Smoke level (scale 1-5)e

• Men 

• Women 

3.7 

3.8 

3.7 

3.6 

3.7 

4.0 

3.5 

3.7 

9.611*** 

15.13*** 

Share aware of health 

implications 

• Men   

� Aware 

� Not aware 

� Does not 

know 

• Women 

� Aware 

� Not aware 

� Does not 

know 

87.8 

7.5 

4.7 

77.0 

14.1 

8.9 

88.8 

5.3 

5.9 

73.4 

13.5 

13.0 

86.9 

7.2 

5.9 

78.5 

16.2 

5.2 

87.6 

9.9 

2.5 

79.1 

12.6 

8.4 

0.32 

8.07* 



�

<0�

�

the households cook in the same room used for living or sleeping. Households who 

rent a house are more likely to be cooking in the same room used for living or 

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).  

The diffusion of improved cookstoves varies across locations. The Kenya Ceramic 

Jiko (KCJ) is widely used in the peri-urban area where in our study 89 percent of 

all households own a KCJ. In the rural locations the adoption rate of the KCJ is 

much lower: respectively 33 and 39 percent of the rural households in Likia and 

Solai own a KCJ. More than half of the households who use charcoal adopted a 

KCJ, which seems promising for the future. Improved woodstoves show a less 

promising picture in both rural and peri-urban areas, where traditional cooking 

methods are still common practice.  

4.6.3 Health and environmental awareness 

Table 4.3 also presents the results of respondents’ awareness about the health and 

environmental problems caused by traditional cooking practices. Respondents are 

aware of diminishing availability of firewood resources in their surroundings. In all 

three locations population growth has led to the expansion of land under 

agriculture, reducing access to common pool resources such as forested land. 

Almost 70 percent of the households reported to plant trees on their farmland for 

fuel purposes. In Kiamaina tree planting is less popular, mainly due to the lack of 

landownership (only 30% of the households own land) and highly fragmented plots 

which are too small for agro-forestry activities.  

Every year nearly 2 million people worldwide die prematurely from illnesses 

attributable to indoor air pollution as a result of household fuel use (WHO, 2011). 

Research has linked indoor air pollution to diseases such as pneumonia in young 

children under 5 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). Similar 

health problems are reported in this study, where cooking on open fires causes 

inconveniences such as coughing and eye irritation. Women in this study rate the 

level of smoke from burning firewood in a 3 stone cookstove significantly higher 

than men. Remarkably, women are at the same time less aware of the impact of 

smoke and indoor air pollution on their personal health than men.  
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4.6.4 Estimated choice models 

In the CE, the opt-out was chosen 294 times (4.7%) out of the 6,270 choice 

occasions. The improved firewood stove was chosen most often by respondents 

(36%), followed by the improved charcoal stove (34%) and the ethanol stove 

(25%). No protest voters were encountered, i.e. respondents refusing to make a 

choice because they object against the context in which their choices were elicited 

or the survey instrument. Choice behavior was modeled using a combined RPL and 

EC model. For efficiency purposes, the models were estimated using a Halton 

sequence of 100 replications in a quasi-Monte Carlo maximum likelihood 

simulation (Bhat, 2001) in NLOGIT 4.0. Table 4.4 reports two estimated models. 

Model I only includes the choice attributes, while Model II also includes 

interaction terms with covariates that were found to be statistically significant 

based on a systematic search procedure for the statistically best fit model. Both 

Models I and II perform satisfactorily in terms of their goodness of fit: the 

outcomes of the Likelihood Ratio (LR) test are highly significant at the 1 percent 

level and  the pseudo R
2
 values are relatively high. Although the pseudo R

2
 does 

not differ much between the two models, the outcome of the LR test shows that 

Model II results in a significantly better model fit than Model I (LR-test statistic 

�
2
=48.9 > ��

� (0.05) =15.5). Except for the usage costs of firewood, all choice 

attributes are significant at the 1 percent level. As expected, the quality 

improvements have a positive coefficient estimate, and the price related attributes a 

negative coefficient estimate. The random parameters of the dummy coded 

attributes (smoke level and environmental impact) are specified using a uniform 

distribution (Hensher et al., 2005) and the linear-effects coded attributes (time and 

usage cost) using a normal distribution. Stove price is included as a fixed parameter 

under the assumption of constant marginal utility of income. The significant 

random parameters demonstrate that the choice attributes are subject to preference 

heterogeneity. The only exception is the medium smoke level for which the 

random parameter is not significant. The estimated EC, specified for the three 

choice alternatives compared to the opt-out, is significant at the 1 percent level, 

indicating that respondents perceived the three hypothetical alternatives as 

distinctly different from the existing situation. 

The significant positive outcome of the ASCs for all three labeled choice 

alternatives implies that respondents prefer the presented fuel-stove combinations 

instead of no change from the current situation. The charcoal and ethanol fuel-

stove alternatives are preferred over the firewood alternative (based on the Wald 
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test at a significance level of 5% and 10% respectively)
13

.The firewood stove is 

nevertheless valued positively too, which suggests that firewood is expected to 

continue to serve as a fuel for cooking. The respondents show a strong preference 

for a reduction in smoke levels to secure the implied positive health effects
14

. 

Smoke reduction can therefore be seen as a key selling point of an improved 

cookstove. The positive valuation of cooking time reduction indicates significant 

opportunity costs of time, while the significant positive coefficients related to the 

environmental attributes imply that respondents are concerned about and wish to 

contribute to the conservation of their natural environment
15

. The outcome of the 

Wald test shows that significant alternative specific values are found for the stove 

cost attribute. Respondents are found to be significantly more sensitive to the price 

level of firewood stoves than charcoal and ethanol stoves. However, between the 

charcoal and ethanol stove cost coefficients no significant difference can be 

detected.   Respondents appear furthermore to be more price sensitive to charcoal 

and ethanol usage costs than firewood, probably due to the substitutability of the 

two fuel products. Firewood is currently the main fuel for a majority of the 

respondents, often complemented by a fuel ranked higher on the energy ladder. 

Ethanol and charcoal can therefore be seen as complementary products to firewood 

rather than full substitutes, suggesting fuel stacking behavior. The improved 

firewood stove directly competes with a cost-free alternative for which firewood is 

already used. Ethanol and charcoal stoves provide the household not only with a 

new appliance, but also with an extension of their energy portfolio. Once 

households own the necessary appliances they can move forth and back on the 

ladder when facing price changes or supply failure (Leach, 1992). Energy prices 

therefore often promote shifts between fuels. In the case of charcoal and ethanol, 

households can fully or partly switch back to firewood when fuel prices are 

increasing. In the case of firewood such a back-up alternative does not exist. This 

explains the lower responsiveness to changes in firewood prices. Our result is 

supported by the findings of Hyde and Kohlin (2000) and Arnold and Persson 

(2003), who show that demand for firewood in developing countries is price 

inelastic. 

The household’s external decision environment is found to play a significant role in 

household choice behavior. Kiamaina, the peri-urban location, represents the 

���������������������������������������� �������������������
13 Wald test statistics are available from the author. 
14 The differences between smoke levels are statistically significant at the 1% level based on the Wald 

test. 
15 The differences between environmental impacts are statistically significant at the 1% level based on 

the Wald test
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baseline category in Model II. As expected, respondents in the two rural locations 

value the improved cookstove alternatives less than their peri-urban counterparts. 

As explained in Section 3, the peri-urban location has been selected based on its 

distinct market environment. Respondents in Kiamaina face significantly higher 

fuel expenses than respondents in the rural areas, increasing interest in fuel 

efficient technologies. The higher appreciation of the energy efficient cookstove 

alternatives may also be explained by the proximity of this location to the county’s 

capital, which is expected to positively influence familiarity with modern products. 

Based on the ecological conditions of both rural areas, respondents in Solai are 

expected to value the improved stoves higher than respondents in Likia. The results 

show, however, the opposite. Although firewood is used by a similar share of 

households in both locations, respondents in Solai depend more on fetched 

firewood, while in Likia respondents depend more on the existing market for their 

firewood needs. The ban on forest entry can be another factor that has boosted this 

development. Although the ecology of Solai is less favorable for firewood 

collection compared to the forested area of Likia, people seem to have adapted to 

the situation by exploiting their farmland resources. Not so much the ecological 

context triggers the observed behavior, but the presence of market structures, 

which appear to be a main driving force here.  

The significant household internal factors in Model II include current fuel use, 

income, family size, and gender. Current use of charcoal has a significant positive 

effect on the choice for the improved cooking alternatives, while a significant 

negative effect is found for respondents who already have liquid fuels in their 

energy portfolio. Comparing these results to the prior expectations based on the 

energy ladder shows that respondents who have progressed to transition fuels value 

the improved stoves significantly higher. Households that have progressed another 

step further to modern fuels have less interest in the improved stoves. The inclusion 

of  modern fuels such as LPG potentially lowers the importance of  the biomass 

fuels in the energy portfolio explaining the lower interest in the presented fuel-

stove alternatives.  

The dummy variable for gender shows that there is a significant difference between 

the sexes, implying that we cannot assume a single set of preferences within the 

household. The negative coefficient indicates that women value the improved 

stoves less than men. This seems odd as women are the primary users and 

beneficiaries of improved cooking technologies. Potential explanations are first of 

all the differences in disposable budget between men and women. Although the 

kitchen is seen as a woman’s domain, women often have limited access to only a
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Table 4.4 Estimated choice models 

Model I: Attributes only  Model II: Extended model 

Variables 

Parameter 

estimate 

St. error St. deviation 

random pars. 

St. 

error 

 Parameter 

estimate 

St. error St. deviation 

random pars. 

St. error 

ASC Firewood 1.59*** (0.217)   2.74*** (0.457)   

ASC Charcoal 2.07*** (0.214)   3.21*** (0.454)   

ASC Ethanol 1.97*** (0.223)   3.12*** (0.453)   

Choice attributes          

Medium environment 

impact 

0.70*** (0.048) 0.435* (0.230)  0.713*** (0.049) 0.499** (0.221) 

Small environment 

impact 

1.37*** (0.058) 1.35*** (0.100)  1.39*** (0.058) 1.394*** (0.101) 

Time reduction 

(minutes) 

0.0086*** (0.0009) 0.013*** (0.0011)  0.0087*** (0.001) 0.014*** (0.001) 

Usage cost firewood (per 

week) 

-0.00077 (0.0005) 0.0010* (0.0005)  -0.00078 (0.0005) 0.001** (0.0005) 

Usage cost charcoal (per 

week) 

-0.0049*** (0.0005) 0.0011* (0.0006)  -0.0049*** (0.0005) 0.001* (0.0006) 

Usage cost ethanol (per 

week) 

-0.0047*** (0.0006) 0.0037*** (0.0004)  -0.0047*** (0.0006) 0.0038*** (0.0005) 

Moderate smoke level 0.841*** (0.071) 0.484 (0.300)  0.853*** (0.071) 0.424 (0.324) 

low smoke level 1.701*** (0.063) 0.530** (0.237)  1.71*** (0.064) 0.570** (0.232) 

No smoke 2.66*** (0.075) 1.74*** (0.114)  2.69*** (0.077) 1.776*** (0.115) 

Stove cost firewood -0.0013*** (0.98D-04)    -0.0013*** (0.99D-04)   

Stove cost charcoal -0.00096*** (0.945D-04)    -0.0009*** (0.95D-04)   

Stove costs ethanol -0.00079*** (0.75D-04)    -0.0008*** (0.76D-04)   
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Table 4.4 continued 

  

Model I: Attributes only  Model II: Extended model 

Characteristics 

Parameter 

estimate 

St. error St. deviation 

random pars. 

St. 

error 

 Parameter 

estimate 

St. error St. deviation 

random pars. 

St. error 

Inhabitant of Likia      -0.518** (0.264)   

Inhabitant of Solai      -1.124*** (0.257)   

Female respondent      -0.639*** (0.204)   

Respondent is female 

head of household  

     0.507* (0.315)   

Family size       -0.081* (0.046)   

Low income group 

(<KSh 60,000) 

     -0.574** (0.233)   

Charcoal user      0.396** (0.205)   

Liquid fuel user      -0.511* (0.282)   

Sigma error 

component  (firewood, 

charcoal, ethanol) 

1.61*** (0.158)    1.42*** (0.163)   

Model summary 

statistics 

         

Log Likelihood -5717.672     -5693.221    

Pseudo R-square 0.342     0.345    

Chi square statistic 

(d.o.f.) 

5948.788 

(25) 

    5997.689 

(33) 

   

N 6270     6270    

*** significant 1%, ** significant 5%, * significant 10%  
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small budget to cover their many needs. Men often remain the primary decision-

maker regarding the household’s financial issues. Secondly, men are generally 

more sensitive to the status attached to improved stoves and modern fuels. The 

budget argument is supported by the positive coefficient for the dummy variable 

for female household heads. If women are the  decision-maker within the 

household, they show a significantly higher demand for the presented improved 

stoves.  

The variable low-income is a dummy for respondents who have an annual income 

level lower than Ksh 60,000, i.e. respondents falling in the lowest income quartile 

in the sample. The significant negative sign indicates that respondents belonging to 

this income group have, all else being equal, a lower demand for the presented 

stoves than respondents from the higher income quartiles. Finally, the model 

results show a negative relationship between family size and fuel-stove demand, 

which is in line with previous findings in the literature (Arnold et al., 2006; 

Mekonnen and Kohlin, 2008). Increasing family sizes suggest that there is 

abundant labor available for fuel collection, which limits the need to move to 

modern fuels purchased in markets. 

A third model has been estimated that includes the cross effects of the covariates 

used in model II with the choice alternatives (table 4.5). Model III performs 

satisfactorily in terms of goodness of fit: the outcome of the Likelihood Ratio (LR) 

test is highly significant at the 1 percent level and the pseudo R2
 value is relatively 

high. Although the pseudo R
2
 does not differ much from model II, the outcome of 

the LR test shows that Model III results in a significantly better model fit than 

Model II (LR-test statistic �
2
=37.06> ���

�  (0.05) =26.29). Except for the usage costs 

of firewood, all choice attributes are significant at the 1 percent level. For all 

attribute coefficients as well as the three ASCs similar values were found compared 

to those found in model II.  

Looking at the cross effects the following stands out: 

The interactions with the locations show that for Likia (the resource abundant 

location) the charcoal and wood stove combinations are valued significantly lower 

than in the peri-urban location (the baseline category). For the ethanol stove no 

difference with the baseline category is found. For Solai (the resource scarce 

location), a statistically significant difference is found for all three stove 

combinations. As expected, respondents in the two rural locations value the 

improved cookstove alternatives less than their peri-urban counterparts, which is 
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Table 4.5 Estimated choice model with cross effects

Model III 

Variables 

Parameter 

estimate 

St. error St. deviation 

random pars. 

St. error 

ASC Firewood 1.59*** (0.481) 

ASC Charcoal 2.07*** (0.484) 

ASC Ethanol 1.97*** (0.477) 

Choice attributes     

Medium environment impact 0.72*** (0.050) 0.52** (0.222) 

Small environment impact 1.39*** (0.059) 1.38*** (0.103) 

Time reduction (minutes) 0.0086*** (0.001) 0.013*** (0.001) 

Usage cost firewood (per week) -0.00073 (0.0005) 0.0012** (0.0005) 

Usage cost charcoal (per week) -0.0049*** (0.0005) 0.0009 (0.0007) 

Usage cost ethanol (per week) -0.0047*** (0.0006) 0.0037*** (0.0005) 

Moderate smoke level 0.858*** (0.071) 0.426 (0.324)

low smoke level 1.715*** (0.065) 0.583** (0.233) 

No smoke 2.68*** (0.078) 1.77*** (0.115) 

Stove cost firewood -0.0013*** (0.99D-04)   

Stove cost charcoal -0.00096*** (0.96D-04)   

Stove costs ethanol -0.00081*** (0.77D-04)   

Characteristics 
    

Inhabitant of Likia x wood stove -0.48* (0.27)   

Inhabitant of Likia x charcoal stove -0.73*** (0.27)   

Inhabitant of Likia x ethanol stove -0.25 (0.27)   

Inhabitant of Solai x wood stove -0.92*** (0.26)   

Inhabitant of Solai x charcoal stove -1.25*** (0.27)   

Inhabitant of Solai x ethanol stove -0.89*** (0.26)   

Female respondent x wood stove -0.66*** (0.21)   

Female respondent x charcoal stove -0.56*** (0.21)   

Female respondent x ethanol stove -0.59*** (0.21)  

Respondent is female head of household x 

wood stove 

0.51 (0.32)   

Respondent is female head of household x 

charcoal stove 

0.38 (0.32)   

Respondent is female head of household x 
ethanol stove 

0.38 (0.32)   

Family size x wood stove -0.05 (0.047)   

Family size x charcoal stove -0.05 (0.048)   

Family size x ethanol stove -0.11** (0.047)   

Low income group (<KSh 60,000) x wood 

stove 

-0.40*** (0.20)   

Low income group (<KSh 60,000) x 

charcoal stove 

-0.22 (0.21)   

Low income group (<KSh 60,000) x ethanol 
stove 

-0.21 (0.20)   
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Table 4.5 continued     

Parameter 

estimate 

St. error St. deviation 

random pars. 

St. error 

Charcoal user x wood stove 0.28 (0.21)   

Charcoal user x charcoal stove 0.37* (0.22)   

Charcoal user x ethanol stove 0.71*** (0.21)   

Liquid fuel user x wood stove -0.49 (0.31)   

Liquid fuel user x charcoal stove -0.48 (0.30)   

Liquid fuel user x ethnaol stove -0.44 (0.30)   

Sigma error component (wood, charcoal, 

ethanol) 

1.43*** (0.166)   

Model summary statistics     

Log Likelihood -5674.69    

Pseudo R-square 0.347    

Chi square statistic (d.o.f.) 6034.73 (49)    

N 6270    

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

explained by the significantly higher fuel expenses faced by respondents in the 

peri-urban locations. Although Solai is the location with scarce biomass resources, 

the respondents from this area value the stoves significantly less than their rural 

counterparts (the Wald test shows significant differences at 10%, 5% and 1% for 

wood, charcoal and ethanol respectively). Households in this area still largely 

depend on the free of cost resource which could restrict their interest in alternatives 

that come at a monetary cost. 

The dummy variable for the gender of the respondent is significant in all three 

interactions, but the Wald test indicates that between these 3 coefficients no 

significant differences exist. For the gender of the household head no significant 

effect is found in model III. For family size only a significant effect is found for the 

interaction with ethanol. This suggests that larger families are less interested in 

ethanol stoves than in wood and charcoal stoves.  

The low-income dummy represents respondents who have an annual income level 

lower than Ksh. 60.000, i.e. the lowest income quartile of the sample. This variable 

only shows a significant effect for the firewood stove. The negative sign indicates a 

lower demand for the presented firewood stove for low income respondents than 

for respondents from the higher income quartiles. Low income households are less 

inclined to invest in an improved stove for which they already have a free of cost 

alternative. For the two cooking stoves that would lead to an extension of the fuel 
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portfolio no differences related to income are found. Charcoal users were found to 

have a significantly higher preference for the improved charcoal stove as well as 

the ethanol stove, indicating that those households who already moved up the 

energy ladder are less inclined to invest in improved technologies for fuels ranked 

lower on the energy ladder. The Wald test furthermore indicates that current 

charcoal users prefer the ethanol stove over the charcoal stove. This underlines the 

finding in model II that households have a high interest in expanding their fuel 

portfolios. For current users of liquid fuels already no significant results were 

found.  

4.6.5 Willingness to pay 

Table 4.6 presents the estimated marginal WTP values for the attributes in the CE. 

Marginal WTP values are derived by dividing the estimated coefficient on the 

choice attribute of interest by the coefficient for the cooking stove purchasing price 

(e.g. Hensher et al., 2005). Standard errors are calculated using the Krinsky and 

Robb (1986) bootstrapping procedure using 2,000 draws. Given the large standard 

error for the firewood usage cost, marginal WTP for this attribute is not 

significantly different from zero (as can also be seen from the insignificant 

coefficient estimate in Table 4.4). Figure 4.3 presents mean WTP for a specified 

stove product to illustrate that household WTP can be calculated for different cook 

stove specifications based on the estimated choice model presented in Table 4.4. 

Conform the negative coefficient for both rural location dummies, mean WTP in 

Likia and Solai is lower than in Kiamaina. The Mean WTP values for the 

cookstoves seem on the high side when compared to the price levels included in the 

choice experiment. This is because we have included the ASC term in the 

calculation of the mean WTP. When we exclude the ASC we get values that are 

close to the stove price levels that we use in the experiment. In the literature there 

is some ambiguity over the inclusion of the ASC term in the estimation of welfare 

measures, with some researchers doing so while others do not (see for a discussion, 

for example, Bennett and Blamey, 2001). Secondly, the presented values are the 

result of a linear-additive estimation model in which we present the value added 

people are willing to pay for time, environmental and health effects. Especially the 

improved health effect are valued highly by the respondents while there is a low 

association of health problems with current cooking practices. This too could 

explain the high WTP levels found, but the low adoption rates. 
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Table 4.6 Estimated marginal WTP (in Ksh) 

 Firewood stove  Charcoal stove  Ethanol stove 

Variables MWTP St. error  MWTP St. error  MWTP St. error 

Choice attributes         

Environment 

medium 

535.1 51.5  734.6 87.4  896.4 101.9 

Environment 

small 

1041.7 83.2  1429.2 148.2  1743.8 179.0 

Time (per minute) 6.4 0.7  8.9 1.3  10.8 1.5 

Usage cost -0.5 0.4  -5.1 0.7  -5.9 0.8 

Smoke moderate 635.5 74.3  871.8 109.6  1063.8 137.0 

Smoke little 1285.5 103.0  1763.7 186.4  2151.9 217,1 

Smoke none 2010.2 155.1  2757.9 280.2  3365.0 315.6

-Location specific MWTP values for the choice attributes have not been included in this table. These 

are available from the authors upon request. 
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Figure 4.3: Mean WTP for an improved stove with low smoke levels, medium 

environmental impact, 30 minutes cooking time reduction, and KSh 200 fuel cost 

per week 



Chapter 4  

:/�

Overall, the mean WTP levels for the specified stove indicate that in all three areas 

there is a clear market potential for improved cookstoves. Market prices for 

improved cookstoves vary broadly, ranging from Ksh 200 for a very simple 

product up to a Ksh 10,000 for advanced cooking systems. Based on the locations, 

a different range of stove and fuel combinations will be most suitable. Although the 

stove prices are lower than the WTP values found in our study, we found very few 

households owning an improved cookstove. This is  also because the supply of 

improved cookstoves is very low in the study area. The Kenya Ceramic Jiko  is the 

most widely available cooking stove, but mainly found on the peri-urban market. 

Other improved cookstoves are hardly found in the study area.  

4.7  Conclusions 

The main objective of this chapter was to assess the impact of both the internal and 

external decision environment on household choices for energy efficient 

cookstoves. Our results show a clear demand and positive WTP for the presented 

fuel-stove combinations. Although the charcoal and ethanol stoves are preferred 

over the firewood alternative, firewood remains a product of interest and continued 

usage is expected. A discrete energy switching pattern as defined by the energy 

ladder, moving from firewood to charcoal and subsequently to ethanol, is not 

observed, among others because we do not detect a significant difference in 

preferences for the charcoal and ethanol alternatives. Given current energy stacking 

behaviour, charcoal and ethanol are more likely to function as additional fuels, 

used to extend a household’s energy portfolio. Furthermore, consumer 

responsiveness to both purchase and usage costs gives insight into how the ethanol 

and charcoal stoves are indeed valued differently from the improved firewood 

stove.  

Both the internal and external decision environment are found to play a significant 

role in choice behaviour. The external decision environment seems mainly driven 

by the market context of the different locations, and less by biomass scarcity or 

abundancy. The model results confirm the hypothesis that the fuel-stove 

alternatives are valued highest in the peri-urban location. Although the ecology of 

Solai is less favourable for firewood collection compared to the forested area of 

Likia, we found higher values for the energy efficient cooking stove alternatives in 

Likia. Both areas are similar in terms of employment opportunities, household 

income and wealth levels. The main difference is found in household dependency 

on fuel markets for their daily energy needs. In Solai people seem to have adapted 
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to the relative scarcity of firewood by exploiting their farmland resources as 

another energy providing livelihood strategy. They depend more on cost-free 

firewood than the households in the two other locations. In Likia, firewood markets 

provide a majority of the households with firewood for cooking. These markets 

came about, among others, as a result of the restricted access to the forest, and 

suggests that the presence of consumer market structures is an important driver for 

cookstove adoption.  

In order to address the internal decision environment in this study, we also included 

men in our sample. This is rare since it is usually women who are interviewed in 

studies focusing on demand for and the use of energy efficient cookstoves. 

Although traditional gender relations in SSA declare the kitchen a woman’s 

domain, men are often the primary decision-makers regarding the allocation of the 

household’s financial budget. Men are found to value the stove products more than 

women, which we ascribe to discrepancies in the disposable budget between men 

and women. Once women become the head of the household they show a higher 

demand for the presented stoves. To what extent these gender issues influence 

household decisions should be further studied as well as the impact of targeting 

men perhaps more in improved stove marketing strategies. 

Finally, cookstove programs often seek to improve energy access and reduce the 

environmental and health impacts of traditional biomass use. Reductions of smoke 

levels and the implied positive health effects appeared strong drivers for consumer 

choices. With respect to the limited knowledge of the health complications related 

to traditional cooking practices, much is still too be gained from improving 

awareness on this topic. Especially women who spend most time in the kitchen, 

turned out to know less about the health risks they face than men. Furthermore, it is 

generally believed that the cost of degrading the environment does not enter into 

resource users’ decision making due to a poverty-related short term planning 

horizon (Hiemstra-van der Horst and Hovorka, 2008). Yet, we showed that people 

are aware of the increasing pressure on their natural environment and are willing to 

pay to reduce the impact of their energy needs on the environment. The interest in 

nature conservation raised by NGOs and the local government may have positively 

influenced this finding too. 


