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Abstract

In recent years, clean and improved cooking solutions have significantly
evolved globally, generating an attractive market opportunity for enterprises
engaging in the provision of innovative cooking appliances, fuels, and fi-
nancing to speed uptake of the disseminated technologies. Improved Cook
stoves (ICS) have been widely touted for their potential to deliver triple wing
benefits of improved agricultural productivity, enhanced household health
and time savings through reduced scrimmage in sourcing for biomass fuel,
and sustainability through reduced local deforestation, further reducing black
carbon emissions. Despite decades of promotion, diffusion of ICS has con-
tinued to remain slow. This project aimed at investigating the factors that
hinder the uptake of ICS in some selected poor villages from Baringo and
West Pokot Counties in Kenya, East Africa. Data was collected from 2918
households across 12 villages and analyzed statistically. On average, house-
holds spent approximately KES 2149 on fuel per month, covered 2.15 km and
spent around 1.5 hours collecting/getting their primary cooking fuel. Majori-
ty of the consumers, 94% expressed willingness to pay (WTP) for an ideal
cookstove (one that emits less smoke, saves fuel, safe during cooking, easy to
light, and that could cook fast). A majority of the consumers (46.5%) pre-
ferred to acquire ICSs through equal monthly installments while 40.47% pre-
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ferred to pay cash and the rest opted for the “pay-to-use” model and whenev-
er cash was available. From the binary Probit model, consumers’ WTP for the
ICSs was positively influenced by age and level of education of the head of the
family, size of the family, number of children under five years, distance to the
source of fuel, and the desire to use and own an ICS. Policies that are aimed
at maximizing cook stove effectiveness and uptake among the poor in the
target counties and Kenya at large was recommended.

Keywords

Improved Cook Stoves, Descriptive Statistics, Inferential Statistics, Binary
Probit, WTP

1. Introduction

The reliance on solid biomass for cooking is a deep-rooted practice for over a third
of the world’s population (approximately 2.8 billion people), especially in the Low
and Middle Income Countries (Stanistreet et al., 2021; Maré & M’rithaa, 2021;
Kahlenberg et al., 2021; Kyayesimira & Muheirwe, 2021). Combustion of the solid
biomass fuels (wood, charcoal, dung, coal, and crop residues) leads to the emission
of black carbon and other greenhouse gases accentuating climate change through
forest degradation and deforestation (International Energy Agency (IEA), 2014). It
also leads to high levels of indoor air pollution that immensely affects the health of
users. Last but not least, the collection of such fuels is time consuming for women
and children that are majorly involved in its collection further reducing the time
that could have otherwise been invested in economic activities (agricultural activi-
ties and business) and education respectively (Boudewijns et al., 2020). As a con-
sequence, the access to modern and sustainable energy for cooking, especially
among poor rural households has evolved overtime and moved to the forefront of
the discourse of international policy by enshrining access to clean energy in the
Sustainable Development Goals (SDG 7) (Africa Energy Portal 2018; United Na-
tions General Assembly (UNGA), 2019).

In Sub-Saharan Africa, bioenergy remains the dominant energy mix accounting
for approximately 60% of the total energy use (IEA et al., 2019; World Bank,
2021). In Kenya, the predominant energy supply for over 86% of rural households
is wood-based fuel (firewood and charcoal) (Njenga et al., 2017). Cooking with
wood-based fuel is problematic not only because of the unsustainable harvesting
and degradation of forests but also incomplete combustion of the wood fuel by
the traditional cook stoves results in high levels of household air pollution which
accounts for approximately 3.7 million annual deaths (Zhang et al., 2022). Fur-
thermore, traditional cook stoves as reported by Ardrey et al. (2021), use solid
fuels inefficiently, hence a burden to the collectors (often women and children)
translating to an economic cost to the economy and education. Ardrey et al.

(2021) further argue that spending more time collecting fuel reduces the time
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that women and children invest in productive economic activities and education
respectively. Despite Kenya’s commitment to the Vision 2030 development blu-
eprint, a recent SDG7 progress report indicates that only 26% of Kenyan house-
holds use improved biomass stoves, while only 14% have access to clean cooking
technologies like Liquefied Petroleum Gas, solar and electric cookers, implying
that Kenya is among the top twenty most deficient countries in clean cooking
energy access (Avila et al., 2017; Hsu et al., 2021).

To overcome these bottlenecks, Improved Cook stoves (ICS) are overarching
technological advancement that must be adopted particularly by the rural
households to effectively displace the conventional cooking stoves at a scale ca-
pable of achieving environmental, health, social, and economic goals. Due to the
poor quality of combustion usually associated with inefficient traditional cook
stoves and practices, household air pollution is ascribed to high premature
deaths annually (Calzada & Sanz, 2018). Besides products of incomplete com-
bustion are normally associated with high levels of black carbon that significant-
ly contribute to climate change with traditional biomass cooking due to the
black carbon contributing to approximately 34% - 45% of warming and up to 8%
of the overall global warming. The situation in LMICs like Kenya has further
been fueled by increasing populations that has continued to skyrocket firewood
harvests to unsustainable rates that continue to threaten livelihoods of people
who dwell in firewood depletion hotspots (IEA et al., 2019). Improved cooks-
toves as explained by Jan (2012), are efficient stoves that easy to light, emits less
smoke, saves fuel, are safe during cooking, and cooks faster due to improved
combustion of fuel used. ICSs have the ability to burn fuels efficiently resulting
in lower air pollutant emissions, saving fuels, hence freeing up women and
children, especially girls from unnecessarily longer cooking durations in addi-
tion to the health benefits associated with clean cooking (Shen et al., 2015; Ard-
rey et al., 2021; Mekonnen et al., 2022).

To confront these negative consequences of traditional cooking, a myriad of
local, corporate and national driven programmes have been pursued to dissemi-
nate ICSs in Kenya. Despite the concerted efforts, progress has been slow with
the efforts not successfully reaching scale. In effect, a range of explanations have
been put forth for the lack of success of the previous improved cook stove pro-
grammes in Kenya. Firstly, critics have pointed out that ICSs (like Jiko Koa
among others have generally remained unaffordable for poor households unless
enormous subsidies are provided (Stanistreet et al., 2021; Gill-Wiehl, Ray &
Kammen, 2021). Secondly, materials needed for the conventional stoves are
freely available and requires minimal time to construct. Essentially, the slow
progress in the uptake of designed ICS has been tied to the inability to tailor de-
signs that are capable of suiting end-user customs and preferences of cooking
culturally vital food types (Robinson et al., 2022; Clifford et al., 2022). Last but
not least, ICS technologies often target to benefit women and girls who are pri-
marily engaged in fuel collection and exposure to smoke, yet these categories
have limited decision making power in low resource households (Maré &
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M’rithaa, 2021; Kahlenberg et al., 2021; Kyayesimira & Muheirwe, 2021; Stani-
street et al., 2021).

It is on the foregoing that this study sought to understand the specific factors
that hinder the uptake of ICS among the low-income communities. To achieve
this, the project conducted a baseline survey to understand the current cooking
information, cook stove use and patterns and household preferences for an ideal
cook stove. To ensure affordability and sustainability of the project products
(ICS), the project aimed at developing an inclusive and affordable business fi-
nancing model premised on the income status of the rural poor households in

the target community.

2. Methodology
2.1. Study Design

The study was conducted across the rural households in Baringo and West Po-
kot Counties in Kenya, East Africa through cross-sectional survey primarily fo-
cusing on household cooking habits types of cook stoves used, and factors in-
forming the choice of cook stoves. The study team included researchers from the
University of Nairobi, KALRO, Egerton University, Kibabii University and local
staff from department of Environment. The survey was administered in 2020
and included questions about current household stove and fuel use patterns, be-
liefs about the health effects of biomass smoke exposure, and preferences re-
garding stove features and functionality.

Primary data was then collected by trained local enumerators who had no
conflicting affiliation with local institutions using semi-structured question-
naires administered in ODK. The survey was conducted in a neutral manner but
the questions on respiratory symptoms were well clarified. When asked about
stove features, participants were presented with a list from which to select their
preferences. Survey questions referenced a broad array of stove types, including
the traditional three-stone, open fires, and ICS cooking technologies like en-
closed stoves with outdoor venting chimneys, charcoal pots, among others. Sur-
vey questions about ICS specifically referenced the rocket stove, side-feed
chamber style and the gasifier (or top lit updraft) style; participants were shown
a composite set of images of these ICS designs when asked about ICS as a gener-
al stove category (Figure 1).

Figure 1. Composite image of various ICS shown to respondents when asked for
their opinions.
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Households from 18 villages from three sub counties in Baringo and 12 vil-
lages from two sub counties in West Pokot villages were surveyed. These villages
were selected to ensure 10% of the households were surveyed in each of the se-

lected sub county.

2.2. Data Handling and Analysis

Survey data was collected via ODK, transported to excel and exported to Stata
for cleaning and analysis. Descriptive analyses were reported for participant
responses. Demographic information was obtained; age, socioeconomic status,
family size for meal preparation and stove location. Health symptoms reported
by household head was also obtained. Measures of association were analyzed.
General stove characteristics predicting ICS preference and willingness to pay
for them, the issue of multiple predictors was addressed; proximity to biomass
resources, reduced smoke production, increased cooking speed, ability to slow
cook (“simmer”), health benefits, and reduced risk of burns to children.

For analyses of predictors of stove preference, focus was on determinants of
households’ willingness to pay for ICS technology leading to a more informed
understanding of the make or break approach on the critical aspect of clean
cooking among resource poor rural set. In all analyses, p-values < 0.05 were con-
sidered statistically significant. All statistical analyses were performed using Stata

version 16 and excel.

3. Results and Discussion

This section presents and discusses the empirical findings of the project and is
divided into two major parts. Part one presents the descriptive statistics for the
socio-economic and institutional characteristics of the potential consumers
based on their willingness to pay for improved cook stoves (ICSs). Section two
presents the empirical findings of the bivariate Probit model on the critical fac-
tors that determine resource poor households” willingness to pay and uptake
improved cooking technologies. The descriptive statistics showed that out of the
2918 households that were enumerated, 94% were willing to pay for improved
cook stoves while only 6% were fully satisfied with their traditional cook stoves.
More households in West Pokot (45.81%) were already using improved cook
stoves compared to 30.59% in Baringo. Regarding willingness to pay, more
households in Baringo (95.68%, n = 1639) expressed willingness to pay for ICSs
as compared to their counterparts in West Pokot (91.62%, n = 1104).

3.1. Descriptive Statistics

3.1.1. Consumer and Consumer Characteristics

From the descriptive statistics, majority of decisions on cooking (83.52%) were
made by women while only 6.27% were made by men while 6.34% were made
jointly by men and women. In terms of willingness to pay, majority of the female
decision makers (78.48%) were willing to pay for ICS while only 5.62% of the

men as decision makers were willing to pay. From the inferential statistics, it was

DOI: 10.4236/me.2022.138060

1143 Modern Economy


https://doi.org/10.4236/me.2022.138060

B. Kisiangani et al.

found that there was a statistical difference in willingness to pay for ICS between
the major decisions makers at 5% level of significance. This could possibly be at-
tributed to gender roles particularly on fuel collection and cooking. With women
mostly involved in the kitchen, they are likely to see the increased need for ICS
as compared to men.

There was no significant difference in the age of the household head and wil-
lingness to pay. This indicates that regardless of age, nearly all the household
heads (94%) were willing to pay for ICSs as presented in Table 1. However, the
proportion of willingness to pay based on age confirms to priori expectations as
majority of the households headed by the young (69.22%) were willing to pay
compared to 24.78% of the households that were headed by the relatively old
household heads. This could be ascribed to the fact that young household heads
are less risk averse, more innovative, and flexible in adapting to new ideas than
older household heads who could be more conservative to new cooking tech-
nologies. However, due to experience and knowledge on the risks of traditional
cooking it was expected that older household heads would be aware of the risks

and hence be more willing to uptake ICS.

Table 1. Decision maker, age, education, health hazards, use of ICS, group membership
(%).

Willing  Not willing  Chi

Variable Description
to pay to pay Square
Wife 78.48 5.04
Decision Maker Husband 5.62 0.65
. 11.019**
on cooking Jointly husband and wife 6.17 0.17
Other 3.74 0.14
18- 35 34.44 2.26
Age of the 36-50 3478 2.23 i
household head 51-65 1851 1.2 '
66+ 6.27 0.31
None 13.74 2.43
Primary 36.19 1.85
Education Level 85.402%%*
Secondary 22.14 1.1
College 21.93 0.62
Experienced Experienced 65.52 4.63
4.346**
Health hazards Did not experience 28.48 1.37
Use of Improved Used ICs 34.06 2.78 ; L3gre
cook stoves Did not use Ics 59.94 3.22 '
Group Member 41.09 1.99
. 7.493*%*
membership Non-member 5291 4.01

Note: *, ** and *** denote significant at 10%, 5% and 1% level respectively.
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In terms of education level, majority (83.96%) of the consumers had accessed
education. On willingness to pay and education level, the Chi Square results in-
dicate that there was a significant statistical difference between the level of edu-
cation and willingness to pay for ICS. From the proportion, it is clear that the
level of education was positively associated with consumers’ willingness to pay
for ICS with majority of those not willing to pay lacking formal education while
only 0.62% of those not willing to pay having attained tertiary education.

On experience with health hazards, the inferential statistics indicated a 5%
level of statistical difference between households that experienced health hazards
like nose and throat problems, coughing/pneumonia, red/itching eyes, asthma
and burns and willingness to pay for ICS. About 66% of the households that had
experienced health hazards related to cooking were willing to pay for ICS as
compared to 28.48% who had not experienced any health hazard related to
cooking. The increased desire by those with prior experience to health hazards
could be informed by the need and desire to prevent further occurrences.

Concerning the association between willingness to pay for ICS and use of im-
proved cook stoves, there was a significant statistical difference between house-
holds that previously used ICSs and those that had not used them at 1% level of
significance. From the frequency, 59.94% of those willing to pay for ICSs had not
used them previously compared to 34.06% of those that had used them previ-
ously. This could imply the need to reduce on the negative effects of unimproved
cook stoves like high emissions, consumption of more fuel and unsafe cooking
through burns among others.

On group membership, there was a significant statistical difference between
group membership and willingness to pay for ICS at 1% level of significance. As
presented in Table 1, majority of the households that were not affiliated with
groups were more willing to pay for ICS than their counterparts with member-
ship to social groups. This is contrary to priori expectation as groups often act as
channels through which new technologies and information are transferred to
end-users and platforms through which they could access financial assistance
hence ameliorate adoption. However, this could be explained by the fact that
members not affiliated to groups may not have been exposed to new cooking
technologies and therefore, this was the source of enlightenment as compared to
their counterparts in groups. As presented in Figure 2, approximately 42% and
44% of households in Baringo and West Pokot respectively were affiliated to so-
cial groups.

As presented in Table 2, there was a statistical difference in the mean number
of family size and the consumers’ willingness to pay for ICS at 1% level of signi-
ficance. The results indicate that households which were willing to pay for ICS
on average had more than 6 members as compared to 5 of those that that were
not willing to pay for ICS. Higher willingness to pay may be due to increased
usage of fuel and more family members affected by health hazards associated

with cooking, hence families may have the desire to save on fuel.
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Figure 2. Participation in social groups.

Table 2. Mean household size, children under 5, income, distance to fuel, amount to be

paid.
Variable Willingness to pay =~ Mean  Std. Err. t-Stat
No 4.54 0.14
Household Size 9.0268***
Yes 6.45 0.05
No 1.35 0.1
Children under 5 years 1.2419
Yes 1.21 0.03
No 6264.77 824.22
Monthly Income 3.6272%**
Yes 10564.86 294.76
No 1.03 0.08
Distance to the fuel source 3.4499%%*
Yes 1.56 0.04
No 446 42.31
Future amount of ICSs 4.4123%%*
Yes 1750.955 74.64
No 4.81 0.57
Land size 1.4836
Yes 6.19 0.22

Note: *, ** and *** denote significant at 10%, 5% and 1% level respectively.

On average, the monthly income of the households in the two counties was
around KES 10,306. As presented in Table 2 households that were not willing to
pay for ICS on average made around KES 6265 while those that were willing to
pay for ICS made around KES 10,565. The result t-statistics indicate that there
was a statistical difference between monthly income and willingness to pay for
ICS at 1% level of significance. Monthly income signifies the purchasing power
of a household and therefore, a household with a higher income is in a position
to purchasing the needed ICS as compared to those with low incomes.

The mean distance to the main source of fuel was 1.53 KM. The inferential
statistics indicated that the distance to the source of fuel by households that were
not willing to pay for ICS was 1.03 KM while for those that were willing to pay

was 1.56 KM. The statistical difference between distance to the primary source of

DOI: 10.4236/me.2022.138060

1146 Modern Economy


https://doi.org/10.4236/me.2022.138060

B. Kisiangani et al.

fuel and willingness to pay for ICS was significant at 1%. Distance reflects the
opportunity cost of agricultural productivity and other livelihood enterprises.
Willingness to pay for ICS was also statistical different between the amount that
households were willing to pay for ICS at 1% level of significance with those

willing to pay for the ICS willing to part around KES 1750.

3.1.2. Mode of Accessing Primary Source of Fuel

To understand the average cost of fuel, the project aimed to first understand the
modes through which the target communities could access the primary fuel. It
was found that the communities mostly accessed their primary fuels through
collection, purchasing and combination of collection and purchasing. As pre-
sented in Figure 3, majority of the households (63.46% in Baringo and 64.65 in
West Pokot) accessed their primary fuel through collection followed by collec-
tion and purchasing in Baringo at 17.22% and buying at 15.44% in West Pokot.

3.1.3. Cost of Fuel
On average, households in Baringo spent approximately KES 1978 on firewood
in a month while those in West Pokot spent approximately KES 2150. On char-
coal, households in Baringo and West Pokot spent around KES 672 and KES 892
respectively while on LPG households in Baringo and West Pokot spent ap-
proximately KES 1190 and KES 1188 respectively (Figure 4).

Improved Cook Stove Financing Model

For increased adoption and affordability of the ICS designed (Figure 5), the
project sought to find a suitable model of payment that could be inclusive and
convenient for the rural resource poor households in the two counties. Majority
of the households in Baringo (54.47%) preferred to pay through equal monthly
installments while those in West Pokot (49.21%) preferred to pay through cash
on delivery. The second most preferred mode of payment for the ICS in Baringo
was Cash on delivery (34.33%) while in West Pokot was Equal monthly install-
ment (35.19%). This information is therefore, critical in informing the upscaling

of ICS in the two Counties.

63.46 64.65

70
60
50
40
30
20
10

Proportion (%)

Buy Collect Collect & Buy

Baringo West Pokot

Figure 3. Mode of accessing primary fuel.
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Figure 4. Monthly cost of fuel.

54.47

60 49.21

50
< 35.19
X 40 34.33
<
2
£ 30
o
s 20
I 566 8.55

0

Anytime cashis  Cash on delivery ~ Equal monthly Pat-to-use Other
available installment

Preferred mode of payment

Baringo West Pokot

Figure 5. Preferred mode of payment.

3.1.4. Statistical Tests and Specification Diagnostics for Bivariate Probit
Model

Since the study used cross-sectional data, there was need to ensure data com-
pliance and consistency since this type of data is often associated with problems
of heteroscedasticity and multicollinearity. Therefore, it was paramount to con-
duct preliminary tests and diagnostics, including the pair-wise correlation
(pwcorr) and Variance Inflation Factor (VIF). Multi-collinearity is a state of
moderate to high inter-associations among the predictor variables culminating
into unreliability of the statistical inferences about a given dataset (Kavzogluet
al., 2014; Vu et al.,, 2015; Heit et al.,, 2017). Variance Inflation Factor and
pair-wise correlations were performed to test the presence of higher associations
among the continuous and categorical explanatory variables respectively (Akin-
wande et al., 2015; Rahman et al., 2021). VIF is used to determine the precision
of estimation in a regression model by expressing the level of interdependence
among predictor variables that could otherwise reduce the precision of the mod-
el estimate (Kavzoglu et al., 2014).

By rule of thumb, VIF values above 5 in a regression indicate the presence of
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high association among the predictor variables of a regression model (Kavzoglu
et al., 2014; Akinwande et al., 2015; Rahman et al., 2021). VIF values above 10
indicate poorly estimated regression coefficients. The VIF for Probit regression
model used to determine the factors influencing household’s willingness to pay
for the ICS was 2.48, indicating that there was no strong association among all
the continuous predictor variables in the Probit regression model premised on
the rule of thumb as all the VIF values were less than 5 (Mutale et al., 2017).

Similarly, a pair-wise correlation was conducted for the categorical variables
to test for multi-collinearity and the results as presented in Table 3 indicated
that the categorical variables were also not highly interdepended. By the rule of
thumb, values above 0.7 in a pair-wise correlation indicate higher levels of cor-
relation among the categorical variables used in predicting a regression (Vu et
al., 2015; Heit et al., 2017). Premised on the test, the proposed explanatory va-
riables exhibited values lower than the threshold 0.7, indicating absence of any
problem involving two or more covariates used in the model. Therefore, all the
potential predictor variables were retained for the execution of the Probit regres-
sion model to determine the specific factors that influenced household’s wil-
lingness to pay for ICS.

Maximum likelihood method was used to estimate the Probit regression mod-
el. From the test results presented in Table 3, the model coefficients (cutl, cut2,
cut3, and cut4) were —2.1280, —1.4427, 0.2143, and 2.1233. The log likelihood of
the fitted model was —237.9466 implying that the model converged and predic-
tors used in the regression were significantly different from zero. The number of
observations as indicated by the Probit regression results were 1571 indicating
the number of the households that gave their feedback regarding the possibility
of willing to pay for the ICS. Furthermore, the log likelihood Chi-square (LR
Chi*(21)) was 179.55 indicating that all the parameters were jointly significant at
1% therefore, the model had a good fit. The McFadden’s Pseudo R-squared
(Pseudo R*) was 0.2739 indicating that the explanatory power of the model was
stronger as it was above the statistical threshold value of 20% as asserted by Sri-
sopaporn et al. (2015) further confirming that the willingness of the households
to pay for the ICS were ascribed to the covariates considered in the model.

The results indicate that among the 14 hypothesized predictor variables used
in the model, eight were found to significantly influence households WTP for
the ICS. These included the age of the household head, education level, house-
hold size, children under the age of 5 years, geographic and environmental fac-
tors, distance to the source of fuel, future price of ICS, and previous use of ICS as

shown in Table 3.

3.2. Econometric Analysis and Estimation of ICS Adoption Factors

In this section we discuss the relevant predictors of household’s willingness to
pay for the ICS through Probit estimation and the marginal effects (dy/dy) of

each significant predictor used in the Probit model.
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Table 3. Factors influencing willingness to Pay for ICS.

Variable Coefficient Std. Error p> |z] Marginal
effects (dy/dx)
Gender -0.0046 0.0043 0.2860 -0.058
Age of the household head —0.1473% 0.0793  0.0630 —-0.016
Education level 0.2375%** 0.0804 0.0030 0.073
Household size 0.1955*** 0.0304 0.0000 0.062
Children under 5 years 0.0410* 0.0221 0.0640 0.043
Disabled members -0.0271 0.2271 0.9050 -0.241
Experienced Health hazards 0.1381 0.1508 0.3600 0.004
Location -0.2765 0.1596 0.0830 -0.156
Land size -0.0024 0.0118 0.8400 -0.038
Monthly income 2.0306 6.4806 0.7540 0.013
Distance to fuel source 0.2298%** 0.0791 0.0040 0.096
Future price of ICs —-0.0006** 0.0001 0.0000 -0.024
Group membership 0.1235%** 0.1333  0.3540 0.057
Previous use of ICs —0.3254** 0.1322 0.0140 -0.018
Probit regression No. of obs = 1571

LR Chi? (14) = 179.55
Prob > Chi? = 0.0000
Log likelihood = —237.9466 Pseudo R? = 0.2739

Note: ***, ** * significant at 1%, 5% and 10% probability respectively.

Influence of Household Characteristics

Gender, despite the effect of gender of the household head being statistically in-
significant, it was found that female headed households had a lower likelihood of
adopting ICS as their primary cooking stoves than their male counterparts. Par-
ticipant observation pointed out although budget allocation was mostly a re-
sponsibility for the men, they did not directly undertake fuel procurement and
cooking tasks. This could further be attributed to the low income status of the
female-headed households as compared to the male-headed households across
all the study areas (descriptive statistics). Therefore, education and awareness for
clean cooking is inevitable since the negative outcomes of cooking with tradi-
tional cook stoves are not necessarily reflected in the decision-making of cook-
ing in typical rural households.

The age of the household head had a positive and significant effect on the wil-
lingness of the households to pay for the ICS at 10% level of significance. This
implies that households with relatively older household heads were more likely
to pay for the ICS as compared to the younger household heads. This, as argued
by Lavison (2013), could be explained by the fact that older household heads are

more experienced and based on their past experiences are more likely to be
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aware of the costs (health, environment, and financial) associated with unim-
proved cook stoves and therefore, more willing to have ICS than younger
household heads.

A unit increase in the level of education by the household head increases the
likelihood of ICS adoption by 7.3% at 1% level of significance. This implies that
household heads with higher education levels are more likely to pay for the ICS
than their counterparts. This is because education enhances an individual’s abil-
ity to acquire process and respond to new technologies. Education also shapes
one’s thoughts and perceptions making them rational and capable of analyzing
the benefits associated with ICS and hence, adoption.

There was a positive and significant relationship between the size of the
household and willingness to pay for improved cook stoves at 1% level of signi-
ficance, implying that WTP for ICS increases with an increase in the size of the
household members. From the marginal effects, it is clear that the probability for
willingness to pay for ICS increases by 6.2% for each additional person to a
household (p < 0.001). This alludes to the fact that fuel consumption is higher
when there are more people in a household, hence the need for primary cook
stoves that use fuel more efficiently. However, other studies argue that a larger
household size implies additional labour for fuel collection especially in the rural
areas and hence likely to have a negative effect on the willingness to pay for ICS.

The effect of children under the age of 5 years was statistically significant at
10% with a positive effect on willingness to pay for ICS as primary cook stoves
implying that households that had more children under the age of 5 years were
more likely to pay for ICS as compared to their counterparts with few or none.
Assessing the marginal effects of children under 5 years on willingness to pay for
ICS, it was inferred that the presence of an extra child under the age of 5 years
increased the probability of a household paying for ICS by 4.3% (p < 0.01). This
could partly be associated with the frequency of cooking and or warming of food
for children under the age of 5 years, hence the need for primary cook stoves
that are efficient on fuel consumption. Secondly, children under this age need
closer attention and since most of the care is a responsibility of the women and
girls who as evidenced in the descriptive statistics are the major fuel collectors
(61% and 27.3% respectively), there is a need for such households to have pri-
mary cook stoves that use fuel efficiently.

Proximity of the household to biomass resources had a positive and signifi-
cant relationship with the households’ WTP for improved cook stoves. As evi-
denced by the marginal effects, the probability of households particularly those
that rely on self-collected fuelwood paying for the ICS as their primary cook
stoves increases by 9.6% with each additional kilometer walked to the for-
est/woodland from homesteads to collect fuel wood (p < 0.01). This could di-
rectly be linked to the amount of time and energy that could be saved hence free
women and girls for other involvements, including agricultural activities and

businesses especially SMEs. Therefore, such households will be more likely to
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pay for the ICS to save time and energy of collecting solid biomass and reinvest
it in other productive economic activities.

However, the future price of ICS had a negative and statistically significant ef-
fect on the households’ WTP for ICS as their primary cook stoves at 1% level of
significance. This infersthat a unit increase in the price of ICS in the future is
likely to reduce the willingness of households paying for ICS as primary cook
stoves. The marginal effects from the probit model indicate that an increase the
price of the ICS by 1 unit of currency in the future is likely to cause a 2.4% dip in
the demand and willingness to pay for ICS as primary cook stoves. This could be
explained by economic assumption on human behavior that all consumers are
rational and will tend to go for substitutes or reduce their demand on products
with relatively higher prices.

The results also indicated that social groups were a cardinal determinant of
households’ willingness to pay for ICS as primary cook stoves in the study areas.
Households that were affiliated social groups had a significantly higher probability
of paying for ICS as primary cook stoves by 5.7% compared to non-participating
households (p < 0.01). This could primarily be ascribed to information exchange
and social capital associated with group membership. Participant observation as
evidenced by descriptive statistics revealed that women are mostly involved in
local social groups referred to as “chamaas”, merry-go round, table banking,
among others. Through these arrangements, members are often able to pool
money in modest amounts to support each other in rotational procurement of
vital basic household assets like ICS. Social groups could also be an entry point
into the target areas for training, creation of awareness and sustainability of the

improved cook stove project.

4. Conclusion

This work focused on the use of inferential and empirical analysis as a metho-
dology for understanding and predicting consumers’ intentions to adopt ICS in
Baringo and West Pokot Counties. The approach focused on the factors that
motivate adoption of improved cooking solutions, sustained use of the adopted
technology for impact evaluation. The results indicate that households spent
heavily per month (KES 2149) and use more time (1.5 hours/day) on buying and
collecting their primary cooking fuel respectively. The results further indicate
that majority of the community members (94%) were willing to pay for an ideal
cookstove that is efficient in cooking. The willingness of community members to
pay for the ICS was influenced by age and level of education of the head of the
family, size of the family, number of children under five years, distance to the
source of fuel, and the desire to use and own an ICS. Finally, it was established
that the target communities did not have the ability to procure the coking tech-
nologies on cash but preferred to acquire ICS through equal monthly install-
ments while only a few preferred the “pay-to-use” model.

Therefore, the findings of this study are cardinal in twofold, first they inform
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the engineering design of the ideal cook stoves and secondly inform policy de-
sign through financing model, time spent, and gender mainstreaming for pro-
moting sustained and consistent long-term adoption of improved cook stoves.
From the perspective of engineering design, the study sheds comprehensive light
on critical attributes of the ICS technology that need to be put under considera-
tion to influence and convince the end users to use the new cooking solutions.
Consequently, the cook calibration process is guided on the essential attributes
and the extent to which they should influence cook stove design to ensure a us-
er-centered design that captures all the preferred attributes for an ideal cook
stove including; low emissions, low rate of fuel consumption, safe during cook-
ing, easy to light and convenient for common meals.

From a policy design angle, the study would enable policy makers to craft
policies that reflect the widespread beliefs, behavioral attributes, cultural tenden-
cies, and supply side barriers that can ameliorate scale adoption of the ICS which
will, in turn, positively impact public health hence individual productivity, curb
climate change through reduced deforestation and less carbon emission, and
save time spent on fuel collection for increased time in agricultural productivity

and other livelihoods.
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