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Introduction

Background on Indoor Air Pollution from Household 
Energy Use

Indoor air pollution (IAP) from household energy use affects 
household overall welfare, since it is known to be associated 
with poor health outcomes that have adverse consequences 
on an individual’s productivity. Interventions aimed at 
reducing IAP correspondingly improve health, by for exam-
ple diminishing the burden of respiratory diseases (Diaz 
2008). In rural Guatemala, use of improved1 stoves (plan-
cha) significantly reduced the number of respiratory symp-
toms, especially the prevalence of wheezing, headache and 
eye discomfort and, after 18 months of use, such improved 
stoves were also related with significantly better self-rated 
health (Pant 2007). IAP abatement interventions have also 
been linked to reduced mortality rates (Zuk et al. 2006). 
Apart from health benefits, use of plancha also reduces 
firewood consumption, which is an environmental benefit 
with expected positive welfare effects as fewer resources 
are assigned to medical expenses and firewood collection 
increasing household productivity (Adrianzén 2010).

One of the intended benefits of using the plancha is to 
reduce wood fuel consumption. However, the consumption 
of wood fuel in Kenya tells a different story. For example the 
Economic Outlook report of 2016 by Deloitte show that the 
current wood fuel demand in Kenya is close to 3.5 million 
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tonnes per year, while supply is at 1.5 million tonnes per 
year. This is not only unsustainable but has led to excessive 
deforestation and destruction of animal habitat. The high 
demand of wood fuel may suggest that there is low adoption 
of plancha in Kenya. The use of fossil fuels, as an alter-
native to wood fuels may seem appropriate to addressing 
energy scarcities in Kenya. This may not be the case. For 
instance, the Intergovernmental Panel on Climate Change 
(IPCC) Synthesis Report of 2014 indicates that in order to 
limit warming to 2 °C, the world needs to make a rapid shift 
from fossil fuels to clean energy.

Ballard-Tremeer and Mathee (2000) discussed three dif-
ferent technical interventions that can reduce IAP. First, pro-
ducing less smoke (targeting source of pollution) by use of 
improved stoves and fuels. Second, getting smoke out of the 
indoor (living) environment via chimneys, windows, doors 
and modifying kitchen design. Lastly, reducing exposure to 
smoke (targeting behavioural changes) by reducing cooking 
time, fuel drying, using pot lids to conserve heat, proper 
maintenance of stoves and related appliances and keeping 
children away from smoke in other rooms.

Although there are numerous interventions that can be 
adopted, there is inconclusive evidence on which ones are 
the most effective. However, use of modern2 energy is con-
sidered most effective in terms of abating IAP, and it was 
ranked highly as a long-term project of about 15–30 years 
by Goldemberg (2000) as poor households can neither afford 
the fuel nor other complementary upfront costs such as gas 
and electric cookers, gas (LPG) cylinders, cylinder valves 
and pipes. It is also important to note that when compared to 
other cooking energy sources such as improved combustion, 
if gas is unavailable in 20 years as predicted by International 
Energy Association (IEA) and Association for Peak Oil and 
Gas (ASPO), then cooking with gas will not be a long-term 
solution.

Since biomass is a fuel choice for many poor households, 
the use of improved stoves is likely to be more effective than 
redesigning the kitchen location (Department for Interna-
tional Development-DFID 1999). However, this is consid-
ered a short-term measure (Goldemberg 2000). The use of 
chimney or hoods provides consistent exit for smoke, and it 
is not dependent on improved stoves (Bates and Doig 2001). 
The use of chimney is regarded as a medium-term measure 
by WHO (2000). Ezzati and Kammen (2002), Ezzati (2002) 

and Hosier and Dowd (1987) conclude that although the 
benefits of adopted interventions may be known, as illus-
trated by varying levels of success of different stove pro-
grammes, the factors that motivate households to adopt an 
intervention or suite of interventions and the required institu-
tions are not clear.

The paper focuses on Kenya as one of the countries in 
the East Africa sub-region in sub-Saharan Africa that relies 
heavily on traditional biomass for cooking with about 15,000 
deaths linked to IAP (Lambe et al. 2015). However, adoption 
of IAP abatement interventions remains dismal.

For this reason, the paper seeks to find out why house-
holds are not adopting interventions aimed at abating expo-
sure to IAP, despite their positive implications for welfare. 
Specifically, the objectives addressed in this paper are to 
examine the demand for IAP abatement intervention and 
examine drivers of adoption of IAP abatement interventions.

This paper makes three contributions to the literature on 
the demand for IAP abatement interventions. First, it pro-
vides empirical evidence from Kenya on the demand for IAP 
abatement interventions. Three categories of IAP abatement 
interventions are identified, namely: the use of improved 
stove, modern energy and chimney (ventilation interven-
tion). This categorisation is important since the demand 
for abatement interventions may differ among the three 
IAP abatement interventions. Second, this paper uses the 
Heckman (selection) model in order to address the potential 
sample selection bias associated with substantive depend-
ent variable of interest. Third, the paper is among the first 
to estimate the demand for chimney as one of the key IAP 
abatement interventions.

The rest of the paper is organised as follows. In “Litera-
ture Review”, we discuss the literature review on the demand 
for IAP abatement interventions. The methodology, data and 
description of variables are the subject matter of “Meth-
odology”. The results are then presented in “Results and 
Discussion” and in “Conclusions and Policy Implications” 
we conclude and make policy suggestions.

Household Cooking Energy

Historically, Kenyan households have relied on biomass 
as the main source of cooking energy, but with advances 
in technology and economic growth, LPG, electricity and 
biogas have been adopted by about 7% of the households 
(GoK 2010).

The 2005/2006, Kenya Integrated Household Budget 
Survey (KIHBS) shows that firewood is the most common 
source of cooking energy accounting for 68.3% (Table 1) 
of the total household energy consumed (GoK 2006). Rural 
households are the major consumers (87.7%) of firewood. 
The second major form of fuel consumed by households is 
charcoal, representing 13.3% of the total household energy 

2 The term “modern” as used in previous studies refers to use of 
electricity and modern cooking solutions (see World Bank 2011). 
According to World Bank, modern cooking solutions incorporates the 
use of modern cooking fuels [such as natural gas, liquefied petroleum 
gas (LPG) and biogas] and advanced cook stoves (that have higher 
combustion efficiency, clean, safe and are manufactured in either 
workshops or factories). In this paper the term “modern energy” 
refers to the use of electricity and LPG for cooking.
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consumed. This is closely followed by paraffin/kerosene at 
13.2%, with the urban households consuming about 44.6%.

At the national level, LPG is the most consumed modern 
fuel among households estimated at 3.5%, compared to elec-
tricity which accounts for 0.6%. The urban population is the 
major consumer of modern energy with 11.9 and 1.8% for 
LPG and electricity, respectively.

The Kenya Demographic and Health Survey (KDHS) 
shows that the highest consumed household energy in 2010 
was firewood representing 63.3% of the total household 
energy at the national level, and 83.3 and 6.1% in rural and 
urban areas, respectively. The least consumed was electricity 
accounting for 0.5% at the national level, while 0.1 and 1.6% 
was consumed by rural and urban population, respectively. 
There is no evidence of significant difference in household 
energy consumption between 2006 and 2010 as observed 
in Fig. 1.

Though Kenyan households also consider cooking using 
solar, the two data sources (KIHBS and KDHS) do not 
provide this data. However, KIHBS provides data on solar 
energy as option for lighting energy sources. A number of 
advocacy groups including the Solar Cookers International 
are promoting the use of solar cooker with intentions to 
reduce IAP, save forests and enhance women productivity 
and children education by saving time required for fetching 
wood fuels.

Literature Review

The energy ladder and fuel stacking models explain how 
households behave with regard to energy use and have also 
been used to explain the demand for fuel and fuel stove 
appliance as interventions for reducing IAP (Masera et al. 
2000; Adol-Agyarko 2009; Duflo et al. 2008).

The energy ladder model embodies a three-step phase 
where households are observed to switch or transit from 
use of traditional energy (firewood and charcoal) to modern 
energy (LPG and electricity) as incomes rise (Leach 1992). 
This model has also been used to rank cooking energy with 
regard to the level of IAP, development of technology, safety 
and ease of use (Barnes 2005). Smith (1987) observes that 
as fuels become safer, they also increase in cost. Jebaraj and 
Iniyan (2006) indicate that apart from the income factor that 
comes out strongly in the energy models, culture; social and 
behavioural factors are also important in explaining house-
hold energy choices.

They are a number of shortcomings of the energy lad-
der model. One, it assumes that incomes impede the usage 
of modern fuels and hence the widely observed usage of 
fuel wood. Hiemstra-van der Horst and Hovorka (2008) and 
Hosier and Kipondya (1993) show that in developing coun-
tries, fuel wood is consumed by both low- and high-income 
populace. In addition to the notion that fuel wood is a fuel 
of the poor (Leach 1992) is flawed, consumer preferences 
and lifestyle concerns explain the consumption of the fuel 

Table 1  Percentage distribution 
of the population by main 
source of cooking fuel.  Source: 
GoK (2006) and GoK (2010) 

Data source Firewood Grass Kerosene Electricity LPG Charcoal

National (%)—KIHBS, 2006 68.3 0.1 13.2 0.6 3.5 13.3
National (%)—KDHS, 2010 63.3 1.2 8.1 0.5 6.5 18.7
Rural (%)—KIHBS, 2006 87.7 0.1 2.7 0.2 0.7 7.7
Rural (%)—KDHS, 2010 83.3 1.4 1.5 0.1 1.2 18.7
Urban (%)—KIHBS, 2006 10 0.2 44.6 1.8 11.9 30.2
Urban (%)—KDHS, 2010 6.1 0.8 26.9 1.6 21.7 10.8

Fig. 1  Household consumption 
of various cooking fuels, 2006 
and 2010.  Source GoK (2006) 
and GoK (2010) 
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wood instead of income. Two, consumers’ choice of energy 
is influenced by culture, social and behavioural factors in 
addition to income and consumer preferences and lifestyle 
(Jebaraj and Iniyan 2006). Three, the energy ladder model 
assumes a simple and complete switch of energy fuels. How-
ever, households in developing countries consume more than 
one fuel and their energy behaviour is well described by 
energy stack models (Masera et al. 2000). The fuel stacking 
model describes how households are observed to use mul-
tiple fuels, rather than completely switching to use modern 
energy (Masera et al. ibid).

The consumer theory where household decision-making 
approach is used to explain the demand for IAP abatement 
interventions have mainly been applied to improved stoves 
and modern energy adoption interventions as discussed by 
Gebreegziabher et al. (2010) and Mekonnen and Kohlin 
(2008). Discussions focusing on household decision-mak-
ing decisions on house ventilation/chimney are limited and 
largely ignored. Identification of key factors and their size 
of magnitude in terms of impact is possible through use of 
consumer theory approach. However, the application of this 
approach does not provide concrete figures of the cost and 
benefits expected or derived.

The demand for IAP abatement interventions can also be 
explained by willingness to pay concept (Larson and Rosen 
2002). The economic rationale for this is that the demand for 
IAP abatement intervention by households should equal the 
willingness to pay for the IAP abatement interventions. For 
instance, if the households willingness to pay captured by 
perceived net gains is larger than the cost, then adoption of 
the IAP abatement intervention will take place. Larson and 
Rosen (ibid) therefore concludes that for the case of devel-
oping countries, the household’s willingness to pay for the 
existing IAP abatement interventions is lower than the esti-
mated cost. The advantage of using expressed willingness 
to pay is that it can be applied to analyse the economic value 
of both marketed and non-marketed goods and services. The 
method may erroneously assume that people understand the 
good or service in question and will reveal their preferences 
in a “contingent” market just as in a real market.

The demand for IAP abatement intervention is also 
explained by the welfare impacts of different policy inter-
vention scenarios (Zhang 2009). If the welfare impact of 
a certain IAP abatement intervention is positive, then it 
is expected that household demand for the intervention 
would increase; however, the magnitude of this increase 
may depend on the policy intervention instituted. In order 
to measure the welfare impact, discrete choice models have 
been widely applied using the compensating variation 
approach (Zhang, ibid).

Policy simulation is also another concept that seeks 
to explain the demand for IAP abatement interventions. 
Edwards and Langpap (2008) explain how the policy 

simulation approach can evaluate different IAP policy inter-
ventions and propose policies that can accelerate adoption of 
IAP abatement intervention. IAP interventions with maxi-
mum benefits to households are identified after carrying out 
simulation process. Policies are then put in place to encour-
age wider adoption of the identified IAP interventions. Pol-
icy simulation approach heavily relies on the assumptions 
adopted. Plausible assumptions that depict the reality are 
seldom achieved.

Household demand for various interventions has been 
explained on the basis of perceived benefits and costs (Lar-
son and Rosen 2002; Pant 2007). However, in addition to 
economic reasons, social, culture, behavioural and environ-
mental factors may explain why an intervention is adopted 
or not adopted.

There is considerable information on the use of improved 
stoves and modern energy as potential intervention for 
reducing IAP (Gebreegziabher et  al. 2010; Jaggernath 
2013; Masera et al. 2000; Oudejans 2011). However, little 
is known about the ventilation and improvements in kitchen 
design interventions, and their drivers. In addition, factors 
that motivate households to adopt any intervention or suite 
of interventions and the required institutions are still unclear, 
despite known benefits of such interventions (Ezzati and 
Kammen 2002; Ezzati 2002; Barnes et al. 1994; Hosier and 
Dowd 1987).

This study adds to existing literature by now determining 
the demand for IAP abatement interventions. In addition to 
common interventions (use of modern energy and improved 
stoves), we extend the analysis by including the demand for 
chimney as a ventilation facility. Apart from the benefits and 
costs, other factors such as kitchen type/location of cooking 
area, culture, social and economic characteristics that influ-
ence the choice of particular IAP interventions are consid-
ered. The study also makes use of the consumer theory in 
order to identify and model the demand for IAP abatement 
interventions.

Knowing the factors that influence adoption of different 
interventions allows accurate forecast of the demand for the 
different interventions and modification of technology that 
widens the adoption rate of the different interventions.

Methodology

Analytical Model

Theoretical Model

The paper uses the indoor air quality production function 
that has been modified from the health production function 
based on Grossman (1972) and applied by Gupta (2006); 
Adhikari (2012); and Brandt and Hanemann (2003). Demand 
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functions for averting activities are derived. Averting activi-
ties such as adopting improved cooking stove, modifying 
the living environment and switching to modern energy are 
households’ averting behaviour aimed at reducing IAP.

The household maximises utility function defined as:

where X is consumption of goods; L, is leisure; and I, IAP. 
The household derives utility from consumption of goods 
and leisure, while IAP results in disutility. The household 
produces unpolluted (clean) air by combining averting activ-
ities (such as adopting improved cooking stoves, modify-
ing living environment characteristics and use of modern 
energy) with other socio-economic factors. The indoor air 
quality function is:

where I is a measure of IAP; B, adopting improved cooking 
stoves; C, modifying living environment; D, switching to the 
use modern energy; and Z, social economic factors.

The household budget constraint is specified as:

where Y is non-wage income; W, wage rate; (T − L− ∝ I) 
time spent at work (T is total time; L, is leisure time; and, 
∝ I is lost days of work due to self-nursing/attending to child 
with respiratory infection caused by IAP); X, consumption 
goods; and B, C and D are as defined above. Pb is the price 
per unit of adopting improved cooking stove; Pc, price per 
unit of modifying living environment; Pd, price per unit of 
switching to use modern energy; and Px = 1, price of the 
bundle of consumption goods normalised to one.

The household maximises the utility function (Eq. 3.1) 
with respect to X, L, B, C and D subject to the budget con-
straint (Eq. 3.3). The household utility maximisation prob-
lem is:

The langrangian function, where λ is the Lagrangian 
multiplier:

The first-order conditions are shown in Eqs. (3.6a), 
(3.6b), (3.6c), (3.6d) and (3.6e).

(3.1)U = U(X, L, I),

(3.2)I = I(B, C, D, Z),

(3.3)Y +W(T − L− ∝ I) = PxX + PbB + PcC + PdD,

(3.4)Max U = U[X, L, I(B, C, D, Z)]

Subject to X + PbB + PcC + PdD = Y +W(T − L) −W ∝ I(B, C, D, Z)

(3.5) = U[X, L, I(B, C, D, Z)] + �
[
Y +W(T − L) −W ∝ I(B, C, D, Z) −

(
X + PbB + PcC + PdD

)]

(3.6a)
�U

�X
= �

(3.6b)
�U

�L
= �W

Simplifying and re-arranging Eqs. (3.6c), (3.6d) and 
(3.6e) yields:

The solution to the utility maximisation problem yields 
these demand functions for averting activities that is adopt-
ing improved cooking stoves, modifying living environment 
and switching to use modern energy, respectively.

Empirical Model

Using the household utility function (Eq. 3.1), IAP inter-
ventions targeting emission abatement can reduce health 
costs, reduce the effects of respiratory diseases and other 
related health problems, and increase human productivity 
which is considered welfare improving. These interventions 

include adopting improved stoves, changing living environ-
ment characteristics, and switching to modern fuel use. In 

the model, households are assumed to maximise their util-
ity subject to indoor air quality function, time and budget 
constraints and other exogenous factors.

In this paper, three policy interventions are proposed 
and modelled: use of improved fuel stove appliance, change 
of living environment (use of chimney) and switching to 
modern energy. The empirical specifications for demand 

(3.6c)
�U

�B
= �

[
W ∝

�I

�B
+ Pb

]

(3.6d)
�U

�C
= �

[
W ∝

�I

�C
+ Pc

]

(3.6e)
�U

�D
= �

[
W ∝

�I

�D
+ Pd

]

(3.7a)
�X

�I
= W ∝ +

Pb

�I∕�B

(3.7b)
�X

�I
= W ∝ +

Pc

�I∕�C

(3.7c)
�X

�I
= W ∝ +

Pd

�I∕�D

(3.8)B = B
(
Pb, Pc, Pd, W, Y +WT , Z

)

(3.9)C = C
(
Pb, Pc, Pd, W, Y +WT , Z

)

(3.10)D = D
(
Pb, Pc, Pd, W, Y +WT , Z

)
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for improved stove appliance, chimney and modern energy, 
respectively are:

where h = 1…H indexes households, S, L and A denote 
demand for improved fuel stove appliance, chimney and 
modern energy, respectively. ∝0, ∝1, ∝2, ∝3, �0, �1, �2, 
and �0, �1, �2, �3 are coefficients to be estimated; Ph, a vec-
tor of fuel stove appliance (traditional stove, improved stove, 
ordinary jiko, improved jiko, kerosene stove, gas cooker and 
electric cooker); Mh, a vector of alternative fuel types (fire-
wood, charcoal, kerosene, LPG and electricity); Nh, a vector 
of living environment (type of dwelling, kitchen location 
and presence of chimney); Dh, a vector of socio-economic 
variables (age, education levels, employment, households 
size and gender); and εh, the error term.

Estimating the outcome (event) of Eqs. (3.11), (3.12) and 
(3.13) using ordinary least square (OLS), results in sam-
ple selection bias. Sample selection bias or the problem of 
selectivity bias occurs when characteristics that influence 
the sample selection also influence the event or the outcome 
equation (Puhani 2000). When OLS is used, the assumption 
made is that the sample is chosen randomly from the whole 
population. The outcome equations violate the assumptions 
of OLS: first, the sample used to analyse the event represents 
a fraction of the whole population and second, the sample is 
not randomly selected.

The study utilises data sourced from a national household 
survey which is here referred to as the sample. Because the 
households in this sample have not been selected based on 
the dependent variables (as outlined in Eqs. 3.11, 3.12 and 
3.13), a new sub-sample that is non-randomly selected is 
therefore constructed.

The outcome Eqs. (3.11), (3.12) and (3.13) may be 
subjected to sample selection because the event equa-
tions (household demand for improved fuel stove appli-
ance, demand for chimney and demand for modern energy, 
respectively) are not representative of all households. This 
is because those who have not adopted correspondingly the 
use of improved stove appliance, use of chimney and use 
of modern fuel are not part of the new sub-sample for the 
outcome/event equation.

In addition, for each event or outcome equation, the deci-
sion on whether or not to adopt a specific intervention aimed 
at abating the levels of IAP is made by individual household, 
and those that have not adopted a particular intervention 
may constitute a self-selected sample. It may be possible 
that those who have not adopted a particular intervention 
(captured by missing data) might have been influenced by 

(3.11)Sh = ∝0 + ∝1 Mh + ∝2 Nh + ∝3Dh + �h

(3.12)Lh = �0 + �1Mh + �2Dh + �h

(3.13)Ah = �0 + �1Ph + �2Nh + �3Dh + �h,

various factors, among them the high cost of adopting an 
intervention.

To address the problem of sample selection bias, the 
Heckman selection model is used to estimate Eqs. (3.11), 
(3.12) and (3.13) (Heckman 1974, 1979). The Heckman 
model corrects estimation biases as a result of non-random 
selected samples and allows information from the non-users 
of various IAP abatement interventions to improve the esti-
mates of the parameters in the outcome (event) equation. 
The Heckman model also provides consistent, asymptoti-
cally efficient estimates, for all the parameters in the model. 
This model is implemented either using the two-stage 
approach (also known as the Heckit approach) or the maxi-
mum likelihood approach.

The first stage is the selection/participation model, where 
the probit regression model on the use or adoption of a par-
ticular intervention (use of improved stove appliance, use of 
chimney and use of modern fuel) is estimated. The second 
stage is an outcome/event model which involves correct-
ing for self-selection, by incorporating a transformation of 
a specific adopted intervention selection probability as an 
additional explanatory variable in the outcome Eqs. (3.11), 
(3.12) and (3.13).

In the first stage of the Heckman selection model, house-
holds decide whether to adopt a particular intervention or 
not. There are three interventions that are analysed; adopt-
ing the use of improved stoves, use of chimney and use of 
modern energy. The first stage regression model is given in 
Eq. (3.14) and estimated using a probit model as defined in 
Eq. (3.15).

where Vh is 1, if the hth household uses or adopts a particu-
lar intervention (where the latent variable V∗

h
> 0 shows the 

unobserved propensity of using a particular intervention) or 
0 otherwise. β is a vector of parameter to be estimated; and 
X′
h
,is a vector of explanatory variables which includes a set 

of alternative fuel stove appliances, set of fuel types alterna-
tives, living environment characteristics and socio-economic 
variables. µh is the usual error term. Φ is the standard normal 
distribution. The maximum likelihood estimate of Eq. (3.15) 
is then used to compute the inverse Mills ratio3 for each 
household h, and is derived as:

(3.14)V∗
h
= X�

h
� + �h

(3.15)Pr
(
Vh = 1|X

)
= Φ

(
X�

h�
)
,

(3.16)�h =
�
(
X�

h�
)

Φ
(
X�

h�
) ,

3 The inverse of Mills ratio is the probability density function to the 
cumulative distribution function.
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where φ and Φ are the standard normal density and cumula-
tive distribution functions, respectively. The inverse Mills 
ratio is then used as an additional variable in the second 
stage. The expected demand models for improved fuel stove 
appliance, chimney and modern energy that were estimated 
are given as

If ��� = �� then Eq. (3.17) becomes

where Zh = W �
h
� + �h is observed if Vh = 1 for households 

that choose to adopt an intervention, and 0 if not. W ′
h
 and X′

h
 

are vectors of covariates; β, a vector of parameters; ρ, is the 
correlation between unobserved determinants of propensity 
to adopt an intervention and unobserved determinants of 
outcome/event regression equation; ε [obtained from the 
outcome model in Eq. (3.17)]; σε, the standard of error ε; and 
λ, the inverse Mills ratio derived after estimating Eq. (3.16).

The coefficient for inverse Mills ratio (λ) is used to show 
whether there is sample selection or not. When the coeffi-
cient for inverse Mills ratio is different from 0 (or the coef-
ficient is statistically significant), it implies that there is sam-
ple selection bias (Karpaty and Kneller 2005). According to 
Khitarishvili (2009) the coefficient for inverse Mills ratio (λ) 
is a product of ρ times σ. In turn, ρ is the correlation coef-
ficient between ε and u, and σ is the standard deviation of ε.

The exclusion restriction is imposed in order to identify 
the parameters of this model (Greene 2003). Some variables 
included in the first stage (probit model) are excluded in the 
second stage (outcome/substantive model). However, the 
Heckman two-step estimators also allow the model to be 
identified without exclusion restrictions, in order to facilitate 
the model identification and address multicollinearity among 
explanatory variables and correlation between error terms. 
The use of valid exclusion restriction, the inverse mills ratio 
and explanatory vectors in the substantive equation are pro-
posed (Bushway et al. 2007). Exclusion restrictions in cur-
rent study are; log of income, traditional stove and middle 
and high household incomes categories for use of improved 
stove, chimney and modern energy, respectively.

According to Greene (2003), the marginal effects of the 
regressors on outcome variable, Zh, in the observed sample 
consist of two components. There is the direct effect (from 
the outcome equation) on the mean of Zh which is β; and 
an indirect effect (from selection equation) through λh for 
a particular independent variable, if it appears in the prob-
ability that U∗

h
 is positive. From Eq. (3.18), the full effect of 

changes in a continuous regressor (Xhk) that appears in both 
Xh and Wh on Zh is
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𝜕Xhk
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𝛾k

𝜎u
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where

Equation (3.19) is the conditional marginal effects of a 
continuous variable (Xhk), while Eq. (3.21) is the conditional 
marginal effects of a discrete variable (Xhk) going from 0 
to 1.

Zh is the natural logarithm of expenditure on interven-
tions, the conditional marginal effect of Eqs. (3.18) or (3.21) 
corresponding to a relative change in earnings. The esti-
mated percentage change in earnings due to a unit increase 
in (Xhk) is 

[
exp (C) − 1

]
100, where C is the estimated value 

of the conditional marginal effect.
The unconditional relative marginal effect of a continuous 

variable (Xhk) on the expected expenditure on interventions 
using Eq. (3.18) is:

The first part of the right-hand side (eI) is the effect asso-
ciated with a change in expenditure for those who have 
adopted interventions and the second part (eII) is the effect 
associated with change in the probability of adopting an 
intervention.

Therefore, the percentage change in earnings due to a 
unit increase in Xhk is 

[
exp

(
CeI + eII

)
− 1

]
100. If Xhk is a 

discrete variable, the unconditional marginal effect when 
moving from 0 to 1 is given as:

where the first part of the right-hand side (eI) and the sec-
ond part (eII) are already defined above. However, Hoffmann 
and Kassouf (2005) argue that better estimates of marginal 
effects come from calculating the conditional and uncondi-
tional marginal effects when applying Heckman’s procedure.

Data and Description of Variables

The data used for analysis are drawn from the Kenya Inte-
grated Household Budget Survey (KIHBS) 2005/2006 (GoK 
2006). KIHBS is the richest and comprehensive energy data 
source that depicts the current energy use patterns and socio-
economic status of households.

Three intervention models are estimated in Eqs. (3.11), 
(3.12) and (3.13). The dependent variables for these equa-
tions are in logarithmic form and capture the monthly 
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expenditure or cost related to the use of improved stove, 
chimney and modern energy, respectively. Estimated house 
rent4 was used as a proxy for chimney expenditures.

Energy Used (IAP)

This is the type of fuel used for cooking. It is represented 
by five dummy variables, each of which captures a particu-
lar type of household energy used. The types of household 
energy are firewood, charcoal, kerosene, LPG and electricity. 
This variable is equal to 1, if a specific type of household 
energy is being used; and 0, otherwise. Households using 
modern energy are also expected to automatically use mod-
ern fuel stoves.

Fuel Stove Appliance (Appliance)

This is the type of stove used to burn fuel. It is captured 
by eight dummy variables including traditional three 
stone stove (tradstove), improved (traditional stone) stove 
(imprstove) ordinary jiko (ordjiko), improved jiko (imprjiko), 
kerosene stove (kerostove), gas cooker (gascooker), elec-
tric cooker (eleccooker) and other stove (otherstove). When 
one fuel stove appliance is considered, it takes a value of 
1, while the other fuel stove appliance takes a value of 0. 
Type of stove is likely to influence modifications of living 
environment such as introducing windows and chimney in 
dwellings. However, the type of stove already dictates the 
type of household energy used. Uptake of modern energy is 
conditioned to household ownership of modern clean and 
modern fuel stove appliance (Gebreegziabher et al. 2010).

Type of Kitchen

This is the place/area used for cooking and is captured by 
six dummy variables. They include: outdoor kitchen (out-
door kitchen), enclosed detached kitchen (encdet kitchen), 
enclosed attached kitchen (enc-ata), indoor without parti-
tion kitchen (indwout kitchen), indoor-with-partition kitchen 
(indwith kitchen) and kitchen floor (other kitchen). It takes 
the values 1 and 0 otherwise, when one type of kitchen is 
observed. It is expected that those who cook outside are 
unlikely to adopt any of the three interventions.

Chimney

This is a type of ventilation captured by a dummy variable 
that takes the value 1, if presence of chimney is observed, 
and 0, otherwise. Dwellings with chimneys are expected to 
have positive expenditures on house design modifications.

Age of the Household Head

This is the age of the household head in years. Younger 
household heads when compared to older household heads 
are more likely to adopt modern energy (Mekonnen and 
Kohlin 2008).

Education

This is the education level of the household head and is 
represented by four dummy variables each representing a 
specific level of education. They include: head with pri-
mary education (hdprims), head with secondary education 
(hdsec), head with graduate education (hdgrad) and head 
with no education (hdnosch). When one education level 
is considered, it takes a value of 1, and 0 otherwise. It is 
expected that those who are educated are more concerned 
about their indoor air quality. Lack of education has contrib-
uted to low levels of adopting modern energy and improved 
stoves (Jack 2004; Schlag and Zuzarte 2008; Gebreegziabher 
et al. 2010; Pachauri et al. 2004; Chambwera 2004).

Location (Location)

This is the geographic location of the residence and is cap-
tured by a dummy variable which equals 1 for rural location, 
and 0, if urban.

Household Expenditure (Income)

This is defined as the total amount spent by households per 
month. It is used as a proxy for income. Adoption of mod-
ern energy and improved fuel stove is influenced by level 
of household income (Gebreegziabher et al. 2010; Pachauri 
et al. 2004; Chambwera 2004; Jaggernath 2013).

Household Size

This is the total number of members in a given household. 
How a large or small household size influences adoption of 
IAP abatement interventions is an empirical question.

Employment (Empy)

This is a dummy variable that captures those household 
heads on paid employment. It takes the value 1, when the 

4 If the house was rented, the amount paid as rent for the dwelling 
in Kenya shillings per month was used. Alternatively if the house 
was not rented, then an estimate of the amount that would have been 
received/paid out in Kenya shillings per month for the dwelling or 
one exactly like it was rented to another person was used.
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household head is on a paid employment, and 0, otherwise. 
Household heads on paid employment are expected to adopt 
avertive actions that reduce the level of IAP.

Chimney Expenditures (Costchimney)

This is defined as the total amount spent monthly on chim-
ney by households. Chimney costs represent a portion of 
the total house cost which is captured by the amount paid 
as rent. The rent costs differ by type of dwelling, type of 
material used in constructing the wall, roof and the floor, 
total number of dwelling and habitable rooms among oth-
ers. For the house owners, the amount received if the house 
was rented was used instead as rent. Chimney expenditures 
may also incorporate maintenance cost associated with occa-
sional cleaning of the chimney. The rent per month is used 
as a proxy for chimney expenditures.

Improved Stove Expenditures (Newstovecost)

This is the total amount spent monthly on improved stoves 
by households. The use of improved stove/improved tra-
ditional stove which is an improvement of the traditional 
three stone fire is complemented by the use of firewood.5 
Improved stove expenditure is captured by costs associated 
with firewood use.

Modern Energy Expenditures (Costmodernfuels)

This is the total amount spent monthly on modern energy by 
households. The modern energy expenditures constituted the 
costs associated with the supply of LPG and electricity use.

Results and Discussion

Descriptive Statistics

Table 2 presents the summary statistics for the various vari-
ables used in estimating the outcome and selection equation 
for the three interventions. Out of about 13,212 households, 
the use of improved stove, chimney and modern energy 
interventions have been adopted by 978, 990 and 648 house-
holds, respectively. An estimate of 72% of households that 
adopted improved stove intervention use firewood, while 
only 51% of those who use firewood also use chimneys.

Majority (54%) of the households dwell in bungalows. 
An approximate of 64% of households living in bungalows 

have adopted the improved stove intervention, while 76 and 
38% have adopted the use of chimney and modern household 
energy, respectively.

Among the educated households’ heads, those with pri-
mary education (46%) form the largest population. Fifty-
three percent of household heads with primary education 
have each adopted the use of improved stove and chimney, 
while 48% have adopted the use of modern household 
energy intervention.

The rural location comprises about 64% of the total pop-
ulation. Among the rural population, 57, 75 and 68% use 
improved stove, chimney and modern household energy IAP 
abatement interventions, respectively.

Household’s heads on paid employment represented 
about 69.4%. Household’s heads that are on paid employ-
ment use more than one intervention. Those using improved 
stove, chimney and modern energy interventions were 70.7, 
71.9 and 76.1%, respectively.

Regression Results

The results for the use of improved stove, chimney and 
modern household energy interventions are discussed in 
“Improved Stove Intervention”, “Chimney Intervention” 
and “Modern Energy Intervention”, respectively.

Improved Stove Intervention

Table 3 presents the results for improved stove interven-
tion, Eq. (3.11). The table reports parameter estimates for 
improved stove expenditure equation, marginal effects of 
selection (probit) equation for adoption of improved stove, 
and conditional and unconditional marginal effects using 
Heckman two-stage method. The coefficient of inverse Mills 
ratio helps in detecting the presence or absence of sample 
selection. In this case, the coefficient of the inverse Mills 
ratio variable (lambda), obtained from the probit equation, 
was −6.802 and statistically significant at 1%. This implies 
that there is sample selection bias whose effect is controlled 
by inclusion of the inverse Mills ratio.

The demand for improved stove intervention was proxied 
by household expenditures related to the use of improved 
stove. The first stage of the Heckman two-stage method is 
the selection model, which estimates the adopting drivers 
for improved stove intervention; and the second stage of the 
Heckman two-stage method is the outcome model, which 
estimates the demand for improved stove intervention.

Determinants for Adoption of Improved Stove The results 
on the determinants for adoption of improved stove are 
shown in Table  3 (see marginal effects for probit model 
column). The rural location variable was found to be nega-
tive and significant at 1% level, indicating that households 

5 In Kenya the common improved stoves/improved traditional stoves 
are the Kuni mbili and the Multipurpose stove wood which costs 
about 8.7 (739.50) and 9.6 (816), respectively (Clough 2012).
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Table 2  Descriptive statistics of variables explaining demand for IAP abatement interventions.  Source: Authors computation based on KIHBS 
2005/2006 (GoK 2006) 

Variables Full sample Improved 
stove 
intervention 
sample

Chimney 
intervention 
sample

Modern fuel 
intervention 
sample

N Mean N Mean N Mean N Mean

Type of household energy
 Kerosene (=1 if household energy used is kerosene/paraffin, 0 otherwise) 12,989 0.1090 977 0.0727 980 0.1660 648 0.0000
 Electricity (=1 if household energy used is electricity, 0 otherwise) 12,989 0.0082 977 0.0010 980 0.0163 648 0.1640
 LPG (=1 if household energy used is LPG, 0 otherwise) 12,989 0.0417 977 0.0205 980 0.0857 648 0.8360
 Charcoal (=1 if household energy used is charcoal, 0 otherwise) 12,989 0.1820 977 0.1740 980 0.2050 648 0.0000
 Firewood (=1 if household energy used is firewood, 0 otherwise) 12,989 0.6460 977 0.7190 980 0.5110 648 0.0000

Type of appliance
 Traditional stove (=1 if appliance used is traditional stove, 0 otherwise) 12,989 0.5800 978 0 990 0.2090 640 0.1940
 Improved stove(=1 if appliance used is improved stove, 0 otherwise) 12,989 0.0753 978 1 990 0.1350 640 0.0328
 Ordinary jiko (=1 if appliance used is an ordinary jiko, 0 otherwise) 12,989 0.1000 978 0 990 0.1720 640 0.1410
 Improved jiko (=1 if appliance used is improved jiko, 0 otherwise) 12,989 0.0859 978 0 990 0.1660 640 0.0938
 Kerosene jiko (=1 if appliance used is kerosene jiko, 0 otherwise) 12,989 0.1050 978 0 990 0.1150 640 0.3000
 Gas cooker (=1 if appliance used is gas cooker, 0 otherwise) 12,989 0.0402 978 0 990 0.1600 640 0.1940
 Electric cooker (=1 if appliance used is electric cooker, 0 otherwise) 12,989 0.0059 978 0 990 0.0394 640 0.0313

Type of dwelling
 Bungalow house (=1 if dwelling is bungalow house, 0 otherwise) 12,989 0.5460 978 0.6380 990 0.7570 640 0.3800
 Flat house (=1 if dwelling is mansionette house, 0 otherwise) 12,989 0.0360 978 0.0020 990 0.0606 640 0.1550
 Mansionette house (=1 if dwelling is mansionette house, 0 otherwise) 12,989 0.0116 978 0.0020 990 0.0586 640 0.0750
 Swahili house (=1 if dwelling is swahili house, 0 otherwise) 12,989 0.1170 978 0.0348 990 0.0677 640 0.1810
 Shanty house (=1 if dwelling is shanty house, 0 otherwise) 12,989 0.0399 978 0.0194 990 0.0050 640 0.1130
 Manyatta house (=1 if dwelling is manyatta/traditional house, 0 otherwise) 12,989 0.2090 978 0.2570 990 0.0121 640 0.0547

Kitchen location
 Outdoor (=1 if kitchen location is outdoor, 0 otherwise) 12,991 0.1730 978 0.2380 990 0.0374 639 0.0579
 Enclosed and detached (=1 if kitchen location is enclosed and detached, 0 other-

wise)
12,991 0.3170 978 0.3430 990 0.1800 639 0.1280

 Enclosed and attached (=1 if kitchen location is enclosed and attached, 0 other-
wise)

12,991 0.1170 978 0.0695 990 0.4650 639 0.2430

 Indoor with partition (=1 if kitchen location is outdoor, 0 otherwise) 12,991 0.2940 978 0.2600 990 0.1030 639 0.4270
 Indoor with partition (=1 if kitchen location is outdoor, 0 otherwise) 12,991 0.0930 978 0.0900 990 0.2150 639 0.1380

Education
 Head graduate (=1 if education level completed is graduate, 0 otherwise) 13,212 0.0098 196 0.0051 182 0.0000 120 0.0083
 Head secondary (=1 if education level completed is secondary, 0 otherwise) 13,212 0.1530 196 0.1530 182 0.0604 120 0.1000
 Head primary (=1 if education level completed is primary, 0 otherwise) 13,212 0.4590 196 0.5260 182 0.5330 120 0.4750
 Head with no education (=1 if education level completed is graduate, 0 otherwise) 13,212 0.0232 196 0.0102 182 0.0220 120 0.0167

Other characteristics
 Chimney (=1 if there is presence of chimney, 0 otherwise) 12,988 0.0762 978 0.1370 990 1 640 0.1560
 Gender (=1 if gender is female, 0 otherwise) 13,212 0.2970 196 0.3470 182 0.2860 120 0.3500
 Head age 13,212 44 196 44 182 47 120 45
 Head age square 13,212 2212 196 2196 182 2471 120 2217
 Household size with less or equal to 5 members 66,725 0.1190 978 0.1100 990 0.1090 648 0.1000
 Household size between 6 and 12 members 66,725 0.0775 978 0.0900 990 0.0727 648 0.0849
 Household size between 13 and 29 members 66,725 0.0017 978 0.0000 990 0.0020 648 0.0000
 Rural (=1 if residing in rural area, 0 otherwise) 13,158 0.6440 969 0.5700 987 0.7480 648 0.6760
 Income 13,118 3602 977 4586 990 3396 648 4121
 Improved stove expenditures per month 975 744 975 744 134 561.8 21 768.9
 Modern fuels expenditures per month 646 689 21 769 100 766.9 646 688.7
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that live in rural areas were less likely to adopt an improved 
stove compared to those in urban areas. This result is similar 
to what is provided in the literature. It indicates that rural 
households, because of cultural factors such as food type, 
lifestyle, cooking habit, taste preferences, local cuisine, 
kitchen type, gender relations and fuel preferences, are less 
likely to adopt improved stoves (Barnes et al. 1993; Budds 
et al. 2001; Masera et al. 2000; Oudejans 2011). In addition, 

the socio-economic differences between urban and rural 
locations could explain why urban population is adopting 
improved stoves.

Presence of chimney variable had a positive coefficient 
significant at 1% level as expected. This means that house-
holds with chimneys had a higher likelihood of adopting 
improved stove than those without chimneys. However, a 
high proportion of households chimneys come from those 

Table 2  (continued)

Variables Full sample Improved 
stove 
intervention 
sample

Chimney 
intervention 
sample

Modern fuel 
intervention 
sample

N Mean N Mean N Mean N Mean

 Chimney expenditures per month 964 13,158 130 3051 964 13,158 95 13,829
 Employed (=1 if in employment, 0 otherwise) 4303 0.6940 75 0.707 64 0.719 46 0.761

Table 3  Heckman sample selection estimation results for improved stove intervention.  Source: Authors computation based on KIHBS 
2005/2006 (GoK 2006) 

Marginal effects; Standard errors in parentheses
(d) for discrete change of dummy variable from 0 to 1
+ p < 0.10, *p < 0.05, **p < 0.01

Improved stove expendi-
ture model

Marginal effects for 
probit model

Conditional marginal 
effects

Unconditional mar-
ginal effects

Charcoal (d) 0.219 (0.276) −0.003 (0.005) 0.040 (0.385) −0.018 (0.048)
Paraffin (d) 0.725+ (0.407) −0.013+ (0.007) 0.027 (0.565) −0.074 (0.064)
LPG (d) 1.017 (0.677) −0.019+ (0.010) −0.053 (0.946) −0.110 (0.095)
Electricity (d) 3.754+ (1.917) −0.049** (0.011) −0.787 (3.053) −0.291* (0.127)
Rural (d) 1.026** (0.289) −0.023** (0.005) −0.070 (0.356) −0.138* (0.056)
Chimney (d) −3.082** (0.631) 0.092** (0.014) 0.084 (0.725) 0.547** (0.192)
Enclosed detached kitchen (d) 1.188** (0.334) −0.021** (0.005) 0.045 (0.438) −0.123* (0.059)
Enclosed attached kitchen (d) 3.401** (0.674) −0.046** (0.004) 0.125 (0.820) −0.265** (0.096)
Indoor without partition kitchen(d) 1.261** (0.341) −0.020** (0.005) 0.200 (0.453) −0.106+ (0.060)
Indoor with partition kitchen (d) 1.324** (0.468) −0.022** (0.006) 0.009 (0.627) −0.131+ (0.068)
Flat house (d) 6.555** (1.350) −0.059** (0.004) −0.301 (2.023) −0.345** (0.125)
Swahili house(d) 3.321** (0.692) −0.047** (0.004) −0.065 (0.839) −0.277** (0.097)
Shanty house(d) 1.950** (0.698) −0.033** (0.007) −0.259 (0.952) −0.199* (0.086)
Other dwelling (d) −0.430 (0.520) −0.002 (0.010) −0.509 (0.726) −0.038 (0.087)
Manyatta/tradition house (d) −0.273 (0.263) 0.002 (0.005) −0.150 (0.366) 0.005 (0.047)
Mansionette house(d) 6.941** (2.326) −0.056** (0.004) −0.191 (3.390) −0.329** (0.123)
Log income 0.015** (0.002) 0.748** (0.114) 0.130** (0.038)
Mills (lambda) −6.802** (1.082)
N 12,733
Censored 11,827
Uncensored 906
Wald χ2 (25) 37.22
Prob. > χ2 0.0020
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who own traditional stove fuel appliance (20.9%) compared 
to those with own improved stove fuel appliance (13.5%).

The variables for enclosed detached, enclosed attached, 
indoor with partition and indoor without partition kitchen 
location had a negative coefficients and were significant at 
1% level. This showed that households that cook indoors 
(whether in enclosed detached, enclosed attached, with par-
titioned or without partitioned) had a lower probability of 
adopting an improved stove than those cooking from out-
doors. ITDG (2002) found that households are unwilling to 
adopt improved stoves. Those who cook indoors may do so 
to exacerbate the levels of smoke that acts as mosquito repel-
lant and also provides warmth during cold seasons (ITDG, 
ibid).

The coefficients for flat, swahili, shanty and mansionette 
types of dwelling variables were negative and significant 
at 1% level. This implied a lower probability for adopting 
improved stove by households living in such dwelling types, 
compared to those in bungalows. This may be because of 
their social status which makes these households less asso-
ciated with use of traditional fuels along with their compli-
mentary stoves (i.e. traditional three stone fire and improved 
stoves), and be more associated with use of modern energy 
and fuel stove appliances. For example, only 1.3 and 8.7% 
of households used firewood in flat and swahili houses, 
respectively.

The coefficient for paraffin/kerosene and LPG variables 
was negative and significant at 10% level. This means that 
households that use such type of energy were less likely 
to adopt improved stove intervention relative to those that 
used firewood. Households that use paraffin/kerosene may 
be unwillingly to adopt improved stove because they want to 
maintain an already attained social economic status. Accord-
ing to Masera et al. (2000) those households with such mod-
ern technology are considered prosperous.

Income variable had a positive coefficient as expected 
and was significant at 1% level. This implied that house-
holds with high income are more likely to adopt improved 
stove expenditures. Income was identified as an important 
factor for adoption of improved stove by Jaggernath (2013). 
According to literature, as income increases, households 
are likely to adopt better fuels and fuel stove appliance 
technologies.

Determinants for  Improved Stove Expenditures The esti-
mation results for log of improved stove expenditure model 
forms the second stage of the Heckman two-stage method. 
The estimated results for the demand of improved stove 
intervention are shown in Table  3 (see improved stove 
expenditure model column). The demand is proxied by 
household expenditures associated with the use of improved 
stove.

Rural location, paraffin/kerosene, electricity, enclosed 
detached, enclosed attached, indoor with partition and 
indoor without partition kitchen locations, flat, swahili, 
shanty and mansionette types of dwelling variables had posi-
tive significant coefficients while the presence of chimney 
had a negative significant coefficient.

The coefficients for paraffin/kerosene and electricity vari-
ables were positive and significant at 10%. This means that 
households who use paraffin/kerosene or electricity had 
higher expenditures relative to household who use firewood. 
The use of improved stove as earlier indicated is comple-
mented by use of firewood. It could be that those households 
who use either electricity or kerosene in addition to firewood 
are considered to have high incomes and this could explain 
why they have higher improved stove expenditures compared 
to those households who use firewood alone. In this case, the 
use of firewood is considered a normal good (an increase in 
income causes an increase in demand and vice versa).

The coefficient for indoor cooking location variables 
(enclosed attached, enclosed detached, indoors with parti-
tion and indoors without partition) was positive and sig-
nificant at 1% level. This means that households cooking 
indoors had higher improved stove expenditures than house-
hold who cooked outdoor. Given that the use of improved 
stove intervention is supplemented by use of firewood. It 
could be that households who cook from indoors use more 
firewood compared to those who cook outdoors as a result 
of other factors such as speed of combustion.

The swahili, shanty, flat and mansionette dwelling vari-
ables had positive coefficients significant at 1% level. This 
means that households living in such dwelling had higher 
improved stove expenditures than household who dwell in 
bungalow house. The expenditures may be high, especially 
where firewood fuels are purchased compared to where 
there are zero/no costs as a result of using free firewood. It 
could be that households who dwell in the swahili, shanty, 
flat and mansionette are located in the urban areas where 
firewood fuels are purchased compared to those who dwell 
in bungalow houses (who are mainly located in rural areas 
with possibility of free access to firewood). For instance, in 
this study, the bungalow house is the main type of dwelling 
among rural households (56%). Only 4% of flat and shanty 
house, 1% of mansionette house and 12% of swahili house 
are located in rural areas.

The variable for presence of chimney had negative coeffi-
cient and was significant at 1% level. This means that house-
holds who use chimney intervention had lower improved 
stove expenditures than household who do not use chimney 
intervention. It could be that the use of chimney and the use 
of improved stove interventions are more of substitute prod-
ucts. For instance it may mean that when income increases 
to a certain level, the use of chimney dominates that of 
improved stove intervention. In this case it could be that 
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households who had achieved a particular level of income 
were more able to substitute the use of improved stove for 
chimney and this may explain the observed low expenditures 
for improved stove interventions.

The exclusion restriction variables are expected to 
affect adoption of improved stoves but not expenditure on 
improved stoves. The exclusion restriction variable appears 
in the adoption of improved stove (selection) equation of 
the Heckman model as an instrument for correcting sample 
selection (Puhani 2000). In this case, the log of income, 
which was the exclusion restriction, was significant at 1% 
implying that income affects the adoption of improved stove, 
but not the expenditure on improved stoves.

Table 3 also indicates the conditional and unconditional 
marginal effects of various explanatory variables, after 
carrying out the Heckman two-stage method for improved 
stove. Conditional marginal effects are based on the house-
hold sample of those who adopt improved stoves, while 
unconditional marginal effects are based on the total house-
hold sample of those who do and do not adopt improved 
stove. The conditional and unconditional marginal effects for 
both discrete and continuous regressors appearing in both 
outcome and selection equations can be obtained.

Explanation is similar for both continuous and discrete 
variables. For example, the traditional house variable, con-
sidering all explanatory variables at their mean value, a unit 
increase in traditional house will lead to a 27.3%6 drop in 
improved stove expenditures, for those who use improved 
stove; and a 0.155%7 increase in the proportion of house-
holds that adopt improved stove intervention. This corre-
sponds to a 31.2%8 fall in total improved stove expenditures.

Chimney Intervention

Table 4 reports the results for chimney intervention as shown 
in Eq. (3.12). The table summarises parameter estimates for 
chimney expenditure equation, marginal effects of selection 
(probit) equation for adoption of improved stove, and condi-
tional and unconditional marginal effects of using Heckman 
two-stage method. The coefficient of inverse Mills (lambda), 
obtained from the probit equation, was −1.888 and was 
statistically significant at 10% level. This meant that there 

is presence of sample selection bias, whose effect can be 
addressed by using the inverse Mills ratio.

The demand for chimney intervention was proxied by 
household expenditures related to the use of chimney. The 
first stage of the Heckman two-stage method is the selection 
model, which estimates the adopting drivers for chimney 
intervention; and the second stage of the Heckman two-stage 
method is the outcome model, which estimates the demand 
for chimney intervention.

Determinants for Adoption of Chimney The results on the 
determinants for adoption of chimney are shown in Table 4 
(see marginal effects for probit model column). Rural loca-
tion variable had a positive and statistically significant 
coefficient at 1% level. This implied that living in a rural 
location increases the likelihood of adopting chimney inter-
vention compared to an urban one. In rural areas, the main 
type of dwelling is the bungalow which accounts for 56.3%, 
followed by traditional and swahili dwellings with 18.9 and 
12.1%, respectively. Flat, shanty and mansionette houses 
account for 3.8, 3.7 and 1.03%, respectively. The design 
factors for bungalows may allow easy erection of chimneys 
compared to flats and shanties. The percentage of bunga-
lows with chimney was about 76% compared to swahili 
(6.8%) and traditional (1.2%) dwellings.

The variables for traditional stove, improved jiko and 
kerosene stove fuel appliances had negative coefficients 
and were significant at 1%, except for improved jiko with 
5% significance level. Those households which use this 
appliance are less likely to adopt the use of chimneys com-
pared to those using electricity cookers. The use of chimney 
provides an opening that allows passage of smoke outside 
the dwelling. Absence of chimney, use of traditional stove 
and improved jiko fuel appliances imply presence of smoke 
indoors that may act as mosquito repellant.

The variables for flats and swahili houses had negative 
coefficient and were significant at 1%. This showed that 
households that live in flats and swahili dwellings were less 
likely to adopt chimney interventions compared to those in 
traditional houses. Apart from cultural factors, the design 
of the type of dwelling and social economic status may play 
a key role in influencing whether or not chimney interven-
tion is adopted. For instance, designs for flats and shanties 
do not, in most cases, consider erection of chimneys. In the 
case of swahili and traditional dwellings, the spacing left 
between the roof and the wall acts as a ventilation avenue 
that may limit the use of chimney. In fact, because of social 
economic status associated with flats and mansionettes, the 
use of clean and modern technologies implies less smoke, 
making the use of chimney unnecessary.

The coefficients for enclosed attached kitchen, enclosed 
detached kitchen and indoor with partition kitchen variables 
were positive and statistically significant at 1% level. This 

6 The coefficient for traditional/manyatta house from the improved 
stove expenditure model.
7 The differences between unconditional and conditional marginal 
effects for traditional/manyatta coefficients.
8 The sum of the differences between unconditional and conditional 
marginal effects for traditional/manyatta house coefficients, the differ-
ence between marginal effects for probit model and conditional mar-
ginal effects for traditional/manyatta house coefficients, and the coef-
ficient for traditional/manyatta house from marginal effects for probit 
model.
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means that cooking in these areas increases the probabil-
ity of adopting chimney intervention. It may be possible 
that households that cook indoors and those that cook in 
enclosed kitchens may have bungalows as the main type of 
dwelling. About 62% of households that cook indoors and 
in enclosed kitchen live in bungalows. As discussed earlier, 
those that live in bungalows are more likely to have erected 
a chimney, explaining their higher likelihood to adopt the 
chimney intervention.

Determinants for Chimney Intervention Expenditures The 
estimation results of chimney intervention expenditure 
equation are reported in Table 4 (see chimney expenditure 
column). The variables for improved stove, ordinary jiko, 
improved jiko, kerosene stove and traditional stove type 
of fuel appliance had a negative coefficient and were also 
statistically significant at 1%. This means that households 
who use improved stove, ordinary jiko, improved jiko and 
kerosene stove had lower chimney expenditures than house-

hold who use electric cooker. The type of dwelling (which 
captures wealth) may explain why households who used 
improved stove, ordinary jiko, improved jiko and kerosene 
stove had lower expenditures than those who used elec-
tric cooker. It could be that the high chimney expenditures 
among households who use electric cooker are observed by 
wealthy households who mainly dwell in bungalow, flat and 
mansionettes houses.

The variables for mansionettes and flats dwellings had 
a positive coefficient and were significant at 1% level. The 
swahili dwelling also had a positive coefficient and was 
significant at 5% level. This implies that households who 
dwell in mansionettes, flats and swahili type of dwellings 
had higher chimney expenditures than household who dwell 
in bungalow. As explained earlier, the limited use of chim-
neys may be attributed to the design aspects of the dwell-
ing type. It may be difficult and costly to incorporate the 
chimney detail, especially in mansionettes, flats and swahili 

Table 4  Heckman sample selection estimation results for chimney intervention.  Source: Authors computation based on KIHBS 2005/2006 
(GoK 2006) 

Marginal effects; Standard errors in parentheses
(d) for discrete change of dummy variable from 0 to 1
+ p < 0.10, *p < 0.05, **p < 0.01

Chimney expenditure 
model

Marginal effects probit 
model

Conditional marginal 
effects

Unconditional mar-
ginal effects

Rural (d) −0.430** (0.109) 0.021** (0.003) 0.009 (0.130) 0.150** (0.027)
Log income 0.033 (0.045) −0.001 (0.001) 0.021 (0.051) −0.004 (0.010)
Charcoal (d) −0.011 (0.117) −0.005 (0.004) −0.121 (0.145) −0.043 (0.032)
Paraffin (d) −0.107 (0.138) 0.008 (0.006) 0.046 (0.169) 0.062 (0.046)
LPG (d) −0.124 (0.185) 0.006 (0.008) −0.013 (0.230) 0.042 (0.062)
Improved stove (d) −1.479** (0.190) −0.0002 (0.007) −1.484** (0.239) −0.058 (0.050)
Ordinary jiko (d) −1.010** (0.163) −0.009 (0.006) −1.206** (0.213) −0.103* (0.042)
Improved jiko (d) −0.866** (0.158) −0.012* (0.005) −1.132** (0.210) −0.118** (0.039)
Kerosene stove (d) −0.714** (0.166) −0.016** (0.005) −1.085** (0.218) −0.143** (0.038)
Mansionette house(d) 1.054** (0.254) 0.022 (0.015) 1.415** (0.320) 0.245+ (0.137)
Flat house (d) 0.834** (0.197) −0.025** (0.004) 0.146 (0.251) −0.174** (0.032)
Swahili house (d) 0.424* (0.188) −0.029** (0.003) −0.372+ (0.223) −0.215** (0.028)
Other dwelling (d) −0.216 (0.226) −0.007 (0.007) −0.365 (0.276) −0.062 (0.053)
Enclosed detached kitchen (d) −0.407+ (0.221) 0.054** (0.009) 0.461+ (0.256) 0.412** (0.079)
Enclosed attached kitchen (d) −1.354** (0.347) 0.274** (0.024) 0.830* (0.367) 2.175** (0.227)
Indoor without partition kitchen (d) −0.395+ (0.219) 0.001 (0.007) −0.373 (0.261) −0.006 (0.057)
Indoor with partition kitchen (d) −0.808** (0.295) 0.156** (0.020) 0.729* (0.321) 1.243** (0.187)
Traditional stove (d) −0.091** (0.010) −1.478** (0.125) −0.751** (0.094)
Mills (lambda) −1.888** (0.225)
N 12,793
Censored 12,793
Uncensored 11,842
Wald χ2 (17) 202.64
Prob. > χ2 0.0000
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houses and this could explain why they have higher chimney 
expenditures.

The coefficients for households that cook indoors were 
all negative. The variables for enclosed detached and indoor 
without partition kitchen were significant at 10% level, while 
enclosed attached and indoor with partition kitchen were 
significant at 1% level. This may mean that household who 
cook from indoor kitchen had lower expenditures relative to 
those households who cook outdoors. The reason could be 
that it may be easier and cheaper to erect a chimney for an 
indoor kitchen than outdoor kitchen and this may explain 
why households who cook from an indoor kitchen had lower 
expenditures than those who cooked outdoors.

The coefficient for rural location variable was negative 
and significant at 1% level. This implied that household 
in rural areas had low chimney expenditures than house-
holds in urban areas. The low chimney expenditures among 
households in rural areas could be because of either the 
costs incurred in constructing a dwelling unit erected with 
chimney are lower or the demand for such dwelling units is 
low. The exclusion restriction variable in the model is the 
traditional stove, which was found to be significant at 1% 
level. This implies that the traditional stove is expected to 
affect adoption of chimney, but not expenditures on chimney.

Table 4 provides the conditional and unconditional mar-
ginal effects of various explanatory variables, after carrying 
out the Heckman two-stage method. Interpretations of both 
discrete and continuous variables follow similar explana-
tions as done earlier in “Improved Stove Intervention”.

Modern Energy Intervention

Table 5 reports the results for modern energy intervention. 
The table presents parameter estimates for modern energy 
expenditure equation, marginal effects of selection (probit) 
equation for adoption of modern energy, and conditional 
and unconditional marginal effects of using Heckman two-
stage method.

The coefficient of the inverse Mills ratio variable 
(−5.703), obtained from the probit equation, is statistically 
significant. As earlier explained, the significance implies that 
there is a sample selection, and inclusion of the inverse Mills 
ratio is important to avoid sample selection bias.

Determinants for Adoption of Modern Energy The results 
on the determinants for adoption of modern energy are 
shown in Table 5 (see marginal effects for probit model col-
umn).

Different types of fuel stove appliances were found to 
be significant. Ownership of ordinary jiko, improved jiko, 
kerosene stove, gas cooker and electricity cooker, each, had 
a positive coefficient and they were all significant at 1% 
level. This showed that households that owned ordinary jiko, 

improved jiko, kerosene stove, gas cooker and electricity 
cooker had a higher probability of adopting modern energy 
compared to traditional stoves; as expected. Due to com-
plementarity between the type of fuel and stove, adoption 
of one influences the use of the other. In this case, adoption 
of ordinary jiko, improved jiko, kerosene stove, gas cooker 
and electricity cooker acted to promote the use of modern 
energy. However, the coefficients for electricity cooker 
(0.170) and gas cooker (0.138) were higher, followed by 
kerosene stove (0.077), ordinary jiko (0.040) and improved 
jiko (0.028). Similar results were also obtained by Gebreeg-
ziabher et al. (2010).

The coefficients for enclosed attached and indoor without 
partition kitchen were positive and significant at 5 and 1% 
level, respectively. This implied that households that cook 
from enclosed attached kitchen and indoor without partition 
kitchen, are more likely to adopt modern energy compared 
to those who cooked from outside. About 42% of the house-
holds that cook from indoor without partition kitchen and 
24% of the households who cook from enclosed attached 
kitchen made use of modern energy. The adoption of modern 
energy may also be explained by usage/ownership of modern 
fuel appliance. For example, 49% of households cooked in 
enclosed attached kitchen used modern energy (gas cooker 
and electricity cooker), compared to 18% of households that 
cooked indoors without partition.

The type of dwelling such as flats, mansionettes, swa-
hili and shanty dwellings had positive coefficients and were 
significant at 1% level. This means that households living 
in flats, mansionettes, swahili and shanties had a higher 
likelihood of adopting modern energy when to those who 
live in bungalows. The coefficient for mansionette was high 
at 0.082, followed by shanty (0.075), flat (0.045), swahili 
(0.015) and manyatta (−0.011). The high coefficient for 
shanty type of dwelling may be explained by high proportion 
of households using modern fuel at about 11.3%, compared 
to 3.6% of households using traditional fuels. The high levels 
of modern energy adoption for flats and mansionettes may 
be driven by social economic status.

Manyatta or traditional dwellings had a negative coeffi-
cient and were significant at 5% level. This means that living 
in traditional type of dwelling reduces the probability of 
adopting modern fuel interventions, compared to living in 
bungalows. Unobserved cultural factors for those living in 
traditional dwellings could be the reason behind low adop-
tion of modern energy. These cultural factors include food 
type, lifestyle, cooking habit, taste preferences, local cuisine, 
gender relations and fuel preferences.

Rural location had a positive coefficient and was signifi-
cant at 5% level. This indicated that households in rural loca-
tion were more likely to adopt modern energy intervention 
compared to urban ones. Being employed implies having 
access to disposable income for acquisition of modern fuel 
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and fuel stove appliances. In this case, the rural households 
formed a larger proportion of people who are employed, 
with 66%.

The coefficient for middle- and upper-income house-
holds was positive and significant at 1%. Therefore, when 
compared to the low-income households, those households 
with middle and high income are more likely to adopt mod-
ern energy as hypothesised. Similar results were achieved 
by Gebreegziabher et al. (2010); Pachauri et al. (2004); 
Chambwera (2004); Jaggernath (2013).

Determinants for  Modern Energy Intervention Expendi-
ture The estimation results of modern energy expendi-
ture equation are reported in Table 5 (see modern energy 
expenditure column). The coefficient for enclosed attached, 
indoor without partition and indoor with partition kitchen 
had negative coefficients and were significant at 1% level. 

This implies that households who cook from either enclosed 
attached kitchen, indoor without partition kitchen or indoor 
with partition kitchen had lower modern energy expendi-
tures than households who cook from outdoors. It could 
be that household who cook indoors are more likely to use 
modern energy than those who cook outdoors. About 13, 
24 and 43% of households cooking in enclosed attached 
kitchen, indoor without partition kitchen and indoor with 
partition kitchen, respectively, were observed to be using 
modern energy compared to 6% of those who cooked from 
outdoors. This may suggest that households that cook from 
such types of kitchen and who use modern energy may in 
turn benefit from lower modern fuel expenditures.

The coefficient for flats, mansionettes, swahili and shanty 
dwellings each had a negative coefficient and was signifi-
cant at 1% level, except for swahili dwelling which had 5% 
significance level. This implies that households who live in 

Table 5  Heckman sample selection estimation results for modern energy intervention.  Source: Authors computation based on KIHBS 
2005/2006 (GoK 2006) 

Marginal effects; Standard errors in parentheses
(d) for discrete change of dummy variable from 0 to 1
+ p < 0.10, *p < 0.05, **p < 0.01

Modern energy expendi-
tures

Marginal effects for 
probit model

Conditional marginal 
effects

Unconditional 
marginal effects

Improve stove (d) −0.311 (0.434) 0.007 (0.008) 0.174 (0.660) 0.047 (0.067)
Ordinary jiko (d) −1.737** (0.522) 0.040** (0.009) 0.383 (0.640) 0.255* (0.108)
Improved jiko (d) −1.542** (0.484) 0.028** (0.009) 0.069 (0.633) 0.167+ (0.092)
Kerosene stove (d) −3.074** (0.713) 0.077** (0.013) 0.309 (0.797) 0.477** (0.168)
Gas cooker (d) −4.125** (0.945) 0.138** (0.023) 0.461 (1.035) 0.876** (0.291)
Electric cooker (d) −4.673** (1.255) 0.170** (0.048) 0.335 (1.474) 1.056* (0.527)
Chimney (d) −0.361 (0.371) 0.005 (0.005) 0.015 (0.517) 0.032 (0.047)
Enclosed detached kitchen (d) −0.425 (0.369) 0.006 (0.006) −0.015 (0.557) 0.032 (0.050)
Enclosed attached kitchen (d) −1.530** (0.487) 0.023* (0.009) −0.157 (0.663) 0.124 (0.086)
Indoor without partition kitchen (d) −1.513** (0.418) 0.017** (0.007) −0.362 (0.580) 0.085 (0.062)
Indoor with partition kitchen (d) −1.298** (0.468) 0.012 (0.008) −0.501 (0.666) 0.051 (0.069)
Flat house (d) −1.922** (0.560) 0.045** (0.011) 0.305 (0.686) 0.282* (0.128)
Mansionette house(d) −2.826** (0.841) 0.082** (0.024) 0.475 (1.028) 0.533* (0.262)
Swahili house (d) −0.716* (0.343) 0.015** (0.006) 0.252 (0.465) 0.098+ (0.056)
Shanty house (d) −2.663** (0.703) 0.075** (0.015) 0.510 (0.807) 0.488** (0.184)
Manyatta house (d) 1.097** (0.356) −0.011* (0.004) 0.152 (0.543) −0.063 (0.043)
Other dwelling (d) −0.015 (0.497) 0.001 (0.007) 0.040 (0.719) 0.006 (0.059)
Rural (d) −0.336 (0.238) 0.007* (0.003) 0.178 (0.330) 0.044 (0.028)
Middle income 0.164** (0.055)
High income 0.301** (0.054)
Mills (lambda) −5.703** (1.022)
N 12,901
Censored 12,295
Uncensored 606
Wald χ2 (8) 31.16
prob. > χ2 0.0276
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flats, mansionettes, swahili and shanties houses had lower 
modern energy expenditures than a bungalow house. Cul-
tural factors such as food type, taste and fuel preferences, 
cooking habits and local cuisine could be the reason whether 
or not modern energy is adopted, hence influencing the 
level of modern energy expenditures. It is more likely for 
the rural households to observe their culture than the urban 
households. Among the households who lived in rural areas, 
majority lived in bungalow houses (56%) compared to only 
4% of households who lived in flat and shanty house, 1% 
of households who lived in mansionette house and 12% of 
households who lived in swahili house are located in rural 
areas. It could be that due to cultural factors, when compared 
to households who live in bungalows, those households who 
live in mansionettes, flats, swahili and shanty dwellings are 
more likely to adopt modern energy that translates to lower 
modern fuel expenditures.

The negative coefficients for the type of fuel stove appli-
ance like the use of ordinary jiko, improved jiko, kerosene 
stove, gas cooker and electric cooker implied that house-
holds who use ordinary jiko, improved jiko, kerosene stove, 
gas cooker and electric cooker have lower modern energy 
expenditures than households who use traditional stoves. It 
could be that the use of ordinary jiko, improved jiko, kero-
sene stove, gas cooker and electric cooker are considered to 
be more efficient (less fuel less is used) compared to tradi-
tional fuels.

The exclusion restriction variables in the model are the 
income quintiles. Being in the middle- and high-income 
quintiles influences the adoption of modern energy but not 
expenditures on modern fuel interventions.

Conclusions and Policy Implications

Conclusions

The results from the Heckman two-stage method indicate 
that factors driving adoption of improved stoves are the use 
of firewood, cooking outdoors, having a chimney, residing 
in a bungalow house, living in rural areas and having high 
incomes. Households who live in rural areas, those who use 
kerosene or electricity, those who cook indoors and those 
that dwell in swahili, shanties, flats or in mansionettes were 
likely to have higher improved stove expenditures while 
household who have chimney are more likely to have lower 
improved stove expenditures. The demand for improved 
stove interventions, therefore, was influenced by geographi-
cal location, type of household energy used, cooking place/
area, type of dwelling, income and whether or not house-
holds had a chimney.

Households in rural areas, those who use electric cooker, 
those who dwell in traditional houses and those who cooked 

from indoor with partition, enclosed attached and detached 
kitchen were more likely to adopt the chimney intervention.

Households who use improved stove, ordinary jiko, 
improved jiko or kerosene stove, those that cooked from 
indoor kitchen had lower chimney expenditures and those 
that reside in rural areas are more likely to have lower chim-
ney expenditures. Households who dwell in mansionettes 
and flats houses are more likely to have higher chimney 
expenditures. The geographical location, type of dwelling, 
kitchen location, type of fuel appliance used were key factors 
influencing the demand for chimney interventions.

The selection of modern energy intervention was driven: 
by ownership of ordinary jiko, improved jiko, kerosene 
stove, gas cooker and electric cooker; by households who 
cook from enclosed attached and indoor without partition 
kitchen location; by households who live in flats, mansio-
nettes, swahili and shanty dwellings; by households who live 
in rural areas; and by those having middle and high incomes.

Households who use ordinary jiko, improved jiko, kero-
sene stove, gas cooker or electric cooker; those who cook 
from either enclosed attached kitchen, indoor without par-
tition kitchen or indoor with partition kitchen; and those 
who dwell in flat, mansionette, swahili and shanty houses 
have lower modern energy expenditures. Overall, the factors 
influencing demand for modern fuels are type of fuel stove 
appliance, cooking area, type of dwelling, geographical loca-
tion and income.

Policy Implications

Presence of chimney aims at reducing the levels of IAP. 
The government should not only enhance the adoption of 
chimney but also encourage construction of dwellings with 
inbuilt chimney. Inbuilt chimney is simple and less costly to 
construct for bungalow type of house/dwelling and mansio-
nette but are more complex and costly for mansionettes, flats 
and swahili houses. This also calls the attention of house 
design and developer experts to consider and integrate this 
aspect when targeting residential dwellings. The govern-
ment can also provide conditions/requirement that enforces 
all residential houses constructed by developers incorporates 
a chimney before final approval of fit for habitat is issued 
to the developer. Proper ventilation should be encouraged 
among the households especially the use of chimney. This 
can be done through public awareness from various chan-
nels such as education in school, mass education on radios, 
internet, televisions, radios and posters among others.

Ownership of modern fuel appliances like gas cooker 
and electric cooker was a requirement for use of modern 
energy intervention; however, households did not adopt it. 
The reason for non-adoption was the high associated expen-
ditures fueled by high market transactions costs (especially 
for rural households), low incomes and the type of dwelling. 
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The government can enhance rural market access for both 
modern energy and fuel stove appliances. This can be done 
by strengthening local artisan and retailers to engage in pro-
duction and sale of modern energy technologies. Engaging 
in such entrepreneurial activities provides households with 
income. Also, this will increase the market penetration of 
modern energy technologies and also with time it will reduce 
the cost of such technologies. The government could educate 
the poor on the selection and investments made on fuel stove 
appliance. Investments made, on type of fuel stove appli-
ance, automatically dictates the type of energy used. Solar 
cooking has become an important energy source for cooking 
today and globally; however, because of data limitation, this 
study was not able to consider solar energy as part of the 
analysis. Therefore future research studies should consider 
incorporating solar energy as one of the key modern energy 
solutions for cooking.

The local community should be educated on simple 
principles of designing both the chimney and the improved 
stoves, while integrating the developed designs with their 
own culture. Integrating such technology with the local cul-
ture aims at empowering the local community by making 
them more entrepreneurial towards job creation and income 
generation.

Areas of Future Research

Solar is becoming one of the key modern sources of 
energy used for cooking among Kenya households. The 
study intended to analyse all the sources of energy used 
by households; however, analysis on solar energy was not 
done because of the limited sample available from the data 
source. It was difficult to make any meaningful analysis from 
the few respondents who used solar at that point of time. 
This study proposes future research studies on this subject 
be done especially those that consider solar adoption among 
households for cooking, lighting and heating.
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