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1. Introduction

Access to clean and modern energy resources such as electricity and Liquefied Petroleum Gas
(LPG) plays an important role in improving households living conditions. The United Nations
(UN) emphasized the role of energy on wellbeing by dedicating the seventh Sustainable
Development Goal (SDG) — ensure access to affordable, reliable and modern energy for all by
2030 — to energy. This SDG conciliates several definitions of energy poverty encountered in
the literature (Khandker et al., 2012). These definitions cover the lack of access to energy,
energy affordability, and the level of useful energy consumption. The lack of access to
electricity for the households includes both the exclusion due to the weakness of the electrical
coverage (localities without access to the national electricity grid) and the exclusion due to the
costs for connecting a household (for those living in the localities with electrical coverage). The
weakness of the electrical coverage can be compensated by the use of off-grid technologies
including solar home systems or other clean energy sources. Even if their capacity might be
low, it has been shown that their effects of welfare are quite the same than that of the electricity
grid (Diallo and Moussa, 2020). The United Nations Development Program (UNDP) defines
energy poverty as the inability to cook with modern cooking fuels and the lack of a bare
minimum of electric lighting to read or for other household uses as well as other productive
activities at sunset (Gaye, 2007).

Considering the latter definition of energy poverty, one may identify energy poor as those who
do not have adequate access to electricity and rely on biomass or other sources of energy as
their light source and their primary fuel for cooking. Access to electricity plays an important
role in poverty reduction and the promotion of economic growth in developing countries (Fujii
etal., 2018). It is also essential for the provision of improved education and health care services
at the community level. However, in Africa, one out of three people does not have access to
electricity and almost 87% of these people live in rural areas (World Bank, 2019). Also, the
Sub-Saharan Africa electricity sector is plagued by huge problems of reliability. This situation
led households and firms to endure several hours of the day and sometime several days without
electricity (World Bank, 2018). Electricity alone cannot create all the necessary conditions for
economic growth, however, it is essential to meet the basic needs of households and allow the
development of economic activities (Oda and Tsujita, 2011).

The link between access to electricity and poverty can be described using several channels
including employment and productivity, health and education. The current literature on energy
and poverty highlights that energy and poverty are simultaneously determined (Bridge et al.,
2016a, 2016b; Khandker et al., 2012). Poverty constraints access to electricity and energy use
for pecuniary reasons. Poverty also acts as a barrier for households to get connected due to the
connection fees that might sometime be very high (Golumbeanu and Barnes, 2013).
Furthermore, Khandker et al. (2012) find that the prices of electricity and other energy sources
are determinant for energy use.

In addition to promoting the development of small businesses at the households level, access to
electricity is fundamental for the proper functioning of basic services such as hospitals and
schools (Alam et al., 2018). Moreover, at households level, it has been widely found in the
empirical literature that access to modern energy affects the household wealth through (i)
improvement in income due to the induced variation in labour productivity, an increase in the
female employment and the hours of work, (ii) an improvement in health condition and (iii) an
improvement in education (Alam et al., 2018; Bridge et al., 2016b, 2016a; Dinkelman, 2011).
Cabraal et al. (2005) show that access to electricity provides many opportunities for households
and electricity consumption increases productivity and household income. Access to electricity



is also considered as an important tool for creating jobs, raising the level of education,
improving health, and facilitating sustainable development. Thus, the lack of access to
electricity can exacerbate poverty and contribute to its persistence (Pereira et al., 2011). On
another hand, Hasan and Mozumder (2017) show that as the household’s income increases, the
energy expenditures increase but less than proportionally.

To the best of our knowledge, few studies have been devoted to the causal links between access
to electricity and poverty in Sub-Saharan Africa. At the macroeconomic level, it is well
established that there is a strong correlation between energy consumption and economic growth,
although the meaning of causality is unclear (Shahbaz et al., 2013). However, in the African
context, evidence of bidirectional causality (feedback) between energy consumption and
economic growth has been found in countries like Cote d’Ivoire (Esso, 2010) and Ghana
(Adams et al., 2016). Moreover, few scholars are focusing on the link between energy poverty
(lack of access to electricity) and monetary poverty at the microeconomic level. Does the access
to electricity at the household level contribute to poverty alleviation in Cote d’Ivoire? If so,
what are the main driving factors and the channels of transmission? This paper aims at analysing
the effects of access to electricity on household-level poverty in Cote d’Ivoire.

In this paper, we use data from the Living Standard Measurement Survey (LSMS) of Cote
d’Ivoire for 1998, 2002, 2008 and 2015. We aim at deepening our understanding of the effect
of electricity on poverty alleviation and to assess how did this effect vary over time. For this
purpose, we use a full information maximum likelihood (FIML) approach to estimate
simultaneously the equations of electricity access and household consumption per capita. This
approach allows us to account for the endogeneity of access to electricity in the household
consumption equation and to estimate the covariance structure between the two equations. The
results show that access to electricity increases household consumption per capita by 5.2 to 23.3
percent.

This paper contributes to the literature by assessing the effects of access to electricity on poverty
alleviation in developing countries and documenting the channels through which these effects
occur. We use for this purpose both household income per capita and the household poverty
status to provide more insights on the effects and for robustness analysis of the effects. This
analysis allows documenting how an increase in the household’s consumption per capita
translates into a reduction of the poverty level.

The rest of the paper is organized as follows. Section 2 describes the theoretical framework of
the paper. Section 3 describes the empirical strategies and the data used herein, while Section
4 presents the results. Section 5 concludes and provides policy recommendations.

2. Theoretical framework: the theory of change

The nexus between access to electricity and poverty alleviation can be drawn through various
intermediary transmission mechanisms. The literature reveals three main channels through
which the access of the households to electricity could impact the poverty level. As described
in Figure 1 below, these three channels are labour productivity, education, and health (Birol,
2007; Bridge et al., 2016a).

The literature highlights the income effects of electrification. These income effects are the
results of the induced changes in productivity and in labour force structure. Electrification has
positive effects on productivity through the increase in income generated from existing
activities and through the creation of new income-generating activities at home (IEG, 2008).



These productivity effects are the results of the changes (an increase) in working time due to
lighting as well as the use of electricity for productive purposes. Barron et Torero (Barron and
Torero, 2014) have also found that access to electricity increases the probability of engaging
individuals in more productive employment and non-agricultural activities. Besides, due to the
increase in the time under light, individuals might increase their working hours, diversify their
income opportunities and even more a shift to more productive work. Furthermore, Dinkelman
(2011) found positive effects of access to electricity on women employment, likely due to the
decrease in the time spent doing housework.

Access to energy in general and electricity can contribute to children's and adults’ education.
For children, living in a household with access to electricity reduces not only their domestic
workload but also provides them with modern learning tools such as audio-visual learning
systems (Alam et al., 2018). Furthermore, access to electricity at the household level will
increase the time under the light; thus it can result in an extended working time for homework
and exercises (Peters and Sievert, 2016; Samad et al., 2013). As a result, IEG (2008) reports
that children living in households connected to the electricity grid have a higher level of
education than those living in non-connected households. Electricity also makes it possible to
organize evening classes, especially for adults, which helps to strengthen their capacity and thus
improve their level of education. Then, the change in poverty can occur as follows: if a
household gets connected to the electricity grid and uses the electricity to increase the time
under light and the school enrolment for both adults and children, it will increase the household
education level. It is also well-known that education has an impact on earnings and job
productivity (Van der Berg, 2008); and lately on poverty.

Access to electricity has a significant impact on the population’s health. It allows an
improvement in the health status and a reduction in mortality thanks to the improvement of the
quality of the indoor air induced by the shift from polluting lighting sources to electric lighting
(IEG, 2008). Barron and Torero (2014) identified a causal link between access to electricity,
the level of indoor pollution caused by changing lighting sources and the occurrence of
respiratory diseases. They show that access to electricity is associated with a reduction in air
pollution since households with access to electricity replace as an energy source for lighting by
electricity. They also find a reduction in the incidence of acute respiratory diseases for children
under six years by 37 to 44 percent. Furthermore, access to electricity at the community level
can result in an improvement in health if the health facilities can use the electricity for diagnosis
and treatment purposes (Lenz et al., 2017). Thus, if a household has access to electricity and
uses it for lighting instead of pollution source, it will result in a reduction in the occurrence of
diseases due indoor pollution and an improvement in health in general. The effects of this
change can be magnified if the health facilities have access to electricity and use it to improve
the quality of services they deliver. Thus, since an ill-health can prevent moving out of poverty
(Wagstaff, 2002), by improving household health condition, access to electricity can indirectly
affect poverty reduction.



Figure 1: Conceptual Model of the Interrelationship between electricity and poverty
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Source: Authors’ adaptation from Bridge et al., 2016a

In summary, it can be noted that access to electricity has direct and indirect impacts on poverty
indicators, among which: education, health, income and the environment (Kanagawa and
Nakata, 2007). However, even if Sambodo and Novandra, (2019) show that access to electricity
is not the most important factor in explaining poverty reduction. They nonetheless recognize
that better access of poor households to electricity would provide them with better opportunities
to improve their welfare and lift them out of poverty.

3. Empirical strategies

Our paper aims at analysing the effect of electricity on poverty reduction. The poverty variable
is calculated by the National Statistics Office using the household consumption per capita
approach. Thus, each household with a per capita consumption under the national poverty line
is considered as poor. This approach is commonly used in developing countries in which the
incomes are not well measured or very erratic (Meyer and Sullivan, 2013, 2003).

Several papers in the literature highlight that consumption and electricity are simultaneously
determined (Bridge et al., 2016a, 2016b; Khandker et al., 2012). It implies that access to
electricity is endogenous in the consumption equation. Thus, in addition to the main equation
of poverty (consumption), we specify an equation with access to electricity as an outcome. The
model can be written as follows:
{Yi =ag+ a E; + Xja + &4 (1)
Ei=Bo+BYi +Zif + &z

Where E; is equal to one if the household has access to electricity and zero otherwise, Y; is the
wealth variable (household consumption per capita), X; and Z; are the vectors of exogenous
variables for the household consumption per capita and the access to electricity equations
respectively. The errors terms (&;, &,;) are assumed to be normally distributed with covariance
matrix ¥ = (02 pa)'
po 1

In such a model, some exclusion restrictions are needed to make the model identifiable (Greene,
2017). The condition for identification is to include at least one exogenous variable in the first
equation that is not in the second, and vice versa. Thus, for the equation of electricity access,
we use the proportion of households with access to electricity in the community (degree of
community electrification) as exclusion restriction variable. The degree of community
electrification affects household access to electricity (Kemmler, 2007) but is not directly



correlated with the household poverty status. For the equation of wealth, we used household’s
access to motorized transportation as exclusion restriction variable following (Aristondo and
Onaindia, 2018). Access to motorized transportation is correlated with consumption
expenditure but are not directly associated with electricity access. When the model is identified,
the reduced form of each equation can be estimated separately using the Two Stages Least
Square (2SLS) approach. However, this estimation technique ignores the covariance structure
of the matrix X.

An alternative estimation approach is to model simultaneously the equations system (1) using
the framework developed by Roodman (2011). This framework considers the estimation in a
Full Information Maximum Likelihood (FIML) context. This framework belongs to the
conditional mixed process family of estimators. In this framework, to ensure the consistency of
the model, we need to specify a recursive model (Roodman, 2011). This implies that Y; and E;
are not included simultaneously as explanatory variables in the model. Since our aim is to
estimate the well-being effects of the access to electricity, the model to be estimated is the
following:

{Yi =ag+aE; + Xja + &q; 2)
Ei = Bo+ZiB + &z

The FIML approach consists of estimating simultaneously all the parameters, including the

covariance matrix parameters, of this equations system by maximizing the log-likelihood of the
model. The likelihood of this model is given by:

Ly =¢Y; —ag — a1 E; — X;a)P (‘(ﬁo +ZiB) _g(yi —ay— o E; — Xi“)) 3)

Where ¢ is the normal probability density with zero mean and variance g2, and @ is the cumulative

normal density with zero mean and variance 1 — pZ.

The test for exogeneity of access to electricity in the equation of wealth is equivalent to testing
whether p is significantly different from zero (Knapp and Seaks, 1998; Lollivier, 2001). Then,
if p is not significantly different from zero, it implies that there is no endogeneity; thus, each
equation can be estimated separately.

4. Data and related statistics

The data used herein are extracted from the national Living Standard Measurement Survey
(LSMS) of Cote d’Ivoire. We use the data from the last four surveys (2015, 2008, 2002 and
1998). Each of these surveys is nationally and regionally representative. However, they have
not been designed to be panel data; thus, we will consider four independent cross-section
analysis. The level of analysis in this paper is the household. The sample size was respectively
12,899; 12,000; 10,800; and 4,200 for 2015, 2008, 2002, and 1998. The sampling design is the
same for these surveys with few differences in the numbers of selected units. It consists in a
multi-stage stratified random sampling. After stratification by region and following rural and
urban areas, the enumeration blocks have been randomly selected in each stratum at the first
stage. The overall number of enumeration blocks was 210 in 1998; 540 in 2002; 600 in 2008
and 1,075 in 2015. At the second level, the households are randomly selected (20 households
per enumeration block for 1998, 2002, and 2008’s surveys and 12 households per enumeration
block in 2015).



Each survey provides information on the access to electricity (a binary outcome that is 1 if the
household has access to electricity and O otherwise). The questionnaires also provide
information on housing characteristics (type of roof, type of energy for cooking, living area),
sociodemographic information on the household (number of children under 15, number of
elderly above 60, number of members with a job) and his head (gender, age, marital status,
education level, employment status), and on household’s consumption (household consumption
per capita). Table III in the appendix presents the variables used and gives some descriptive
statistics on the samples. It is worth noting that the datasets used for the estimation are not panel
data and do not provide information on the date of connexion to the electricity grid. Thus, it is
not possible to assess the long-run impact of access to electricity on poverty as well as the
exposure effects. Furthermore, we cannot make a dynamic interpretation of the measured
effects.

The connexion rate to the electricity grid has grown from 51.7 percent in 1998 to 58.3 percent
in 2015 (see Figure 2 below). This increase is driven by the access rate among poor households.
For these households, the rate of access to electricity was 35.8 percent in 1998 and reaches 47.1
percent in 2015. However, we find that before 2008, the poverty rate and the rate of access to
electricity follow the same pattern; even the poverty rate growth was higher than that of the rate
of access to electricity. After 2008, we find that the higher the access to electricity, the lower
the poverty rate. The relationship observed after 2008 is consistent with the literature. Bridge
et al. (2016a,b) show that the poverty rate decreases when the rate of access to electricity
increases.

To provide further insights into the dynamics of poverty rates and access rates to electricity, we
implement an Oaxaca-Blinder decomposition of the variation of poverty rates between the
different points of observation, i.e. from 1998 to 2002, from 2002 to 2008, and from 2008 to
2015. Considering two consecutive editions of the survey, the Oaxaca-Blinder decomposition
aims at analysing the share of the variation in the poverty rate explained by the variation in the
access rate to electricity. Since the poverty outcome is a binary variable, we use the extension
of the Oaxaca-Blinder decomposition to binary outcome models as developed by Yun (2004)
and Fairlie (2005). Two models (with and without additional explanatory variables) have been
estimated for each period considered. The explanatory variables are the same that have been
used in the estimation of Equation (2) above. The estimation of these two models aims at
assessing how robust are the estimated effects of the variation in the access rate to electricity
on that of the poverty rate when other poverty explanatory variables are accounted for. The
results of these decompositions are presented in Table I below.

From 1998 to 2002, the poverty rate increased by 4.9 percentage points while the access rate to
electricity only increased by 0.6 percentage point. The Oaxaca-Blinder decomposition shows
that the variation in the access rate to electricity has not significantly affected the poverty rate
between 1998 and 2002. However, from 2002 to 2008 and from 2008 to 2015, the increase in
the access rate to electricity has contributed to reducing the variation in the observed poverty
rate. In fact, from 2002 to 2008, the poverty rate increased by 10.6 percentage points. This
increase has been mitigated by the increase in the access rate to electricity for 0.37 percentage
points. Considering the last period, the poverty rate has decreased by 2.6 percentage points.
This decrease is explained by the increase in the access rate to electricity that contributes to a
reduction of almost 0.25 percentage point. These findings highlight that before 2002, the



increase in the access rate to electricity has not been enough to contribute significantly to
poverty alleviation.

Table I : Oaxaca-Blinder decomposition of poverty rates
From 1998 to 2002 From 2002 to 2008 From 2008 to 2015
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Effects of access to

electricity

Yun’s -0.0013 -0.0005 -0.0081***  -0.0037*** -0.0086***  -0.0025%**
decomposition (0.0026) (0.0010) (0.0025) (0.0012) (0.0024) (0.0008)
Other explanatory

variables included No Yes No Yes No Yes

*** significant at 1% level, ** significant at 5% level, * significant at 10% level. Robust standard errors are in
parenthesis.

Source: Authors’ calculation using data from LSMS 1998, 2002, 2008, and 2015

We further investigate this negative pattern between the rate of access to electricity and the
poverty rate by plotting for 2015, the regional poverty rate and the regional rate of access to
electricity (see Figure 3 in appendix). The results of this spatial analysis are consistent with the
dynamics observed after 2008, i.e. the higher the rate of access to electricity, the lower the
poverty rate.

Figure 2: Dynamics of the poverty rate and access to electricity in Cote d'Ivoire
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Source: Authors’ calculation using data from LSMS 1998, 2002, 2008 and 2015
5. Results and discussions

The results of the system of simultaneous equations in (2) for each of the four rounds of the
survey are presented in Table II below. The parameters are estimated using a full information
maximum likelihood (FIML) approach. The coefficients of the exclusion restriction variables
(community level rate of access to electricity and the ownership of motorised transportation)
are significantly different from zero in all equations and have the expected signs. The test for
exogeneity of the access to electricity confirms the endogeneity of the access to electricity in
the wealth equation for 2002, 2008 and 2015’s surveys. However, there is no evidence of
endogeneity in 1998. Thus, the estimates of the separate equations are reported for 1998. This
implies that for the 1998’s LSMS, the reverse relationship does not hold: the wealth outcome



does not affect the probability for a household to get access to electricity. This finding implies
that even if the households have high wealth (income), they might have been deprived due to
the low coverage of the national grid. Indeed, in the 1990s, only 1939 localities (including
villages as well as cities) out of 8,513 in the country were electrified through the national grid,
i.e. an electricity penetration rate of 22.77% (SNE, 2012). However, the electricity penetration
rate has improved during the last two decades. The electricity penetration rate has increased
from 25% in 2002 to 32% and 42% in 2008 and 2015 respectively (ANARE, 2015; SNE, 2012).
These increases in the electricity penetration rate have given to most of the Ivoirians the
opportunity to have access to electricity by alleviating the constraint of the electricity grid
coverage.

The coefficients for the access to electricity are significantly different from zero in all household
consumption equations except for 2002. We find that if a household without access to electricity
gets connected to the electricity grid, then the household consumption per capita is expected to
increase by 100x(e®!'*7-1) = 15.5 percent in 1998. This expected increase in household
consumption per capita is 23.3 percent in 2008 and 5.2 percent in 2015. These results are
consistent with the findings in the literature (for example 15.7 percent in India (Bridge et al.,
2016a) or 11.3 percent in rural Bangladesh (Khandker et al., 2012)). This finding supports the
important role of access to electricity in the poverty alleviation, even if the magnitude of the
effect has declined through time. For 2002, the non-significant effect of access to electricity on
poverty may be because the rate of access to electricity has not grown enough to affect poverty.
Only better access to electricity can result in a reduction in poverty (Pueyo and Hanna, 2015).
The analysis of the trend in the rate of access to electricity and the poverty rate shows that the
rate of access to electricity has not varied significantly from 1998 (51.6 percent) to 2002 (52.3
percent). However, the poverty rate has increased in the same period, from 33.4 percent in 1998
to 38.4 percent in 2002.

To check for robustness and document how an increase in household consumption per capita
translates in a reduction of the poverty level, we also estimate the system using the binary
outcome of poverty (1 if the household is poor and O otherwise) instead of household
consumption per capita. The results reported in Table IV in the appendix are consistent with
those obtained using the per capita consumption. The access to electricity reduces by 4.8 (in
2015) to 13.5 (in 2008) percentage points the poverty rate. In 1998, we assess a 15.5 percent
increase in the household consumption per capita has induced a 7.83 percentage points
reduction in poverty rate, i.e. a 0.51 percentage point drop-in poverty rate per each one percent
increase in the household consumption per capita. The drops in the poverty rate are estimated
to 0.58 and 0.87 percentage point per each one percent increase in the household consumption
per capita respectively in 2008 and 2015. It appears from this analysis that even if the magnitude
of the effects of access to electricity on the household consumption per capita has declined over
time, its translation in terms of poverty alleviation has increased over time. This finding
highlights the increasing role of access to electricity on poverty reduction.

Most of the determinants of access to electricity and the household’s per capita consumption
have the expected signs. The regional dummies are significant in both wealth and access to
electricity equations. The urban-rural differences in per capita household consumption are also
confirmed in our estimates. In terms of access to electricity, we find no significant effect of
living in rural areas on the probability of access to electricity for 1998 and 2002. However, for
2008 and 2015, we find that living in rural areas increases the probability of access to electricity



by 2.7 and 1.3 percentage points, respectively. This counterintuitive result might be due to the
government program that aims at making connexion to the electricity grid affordable for
households in in-grid rural areas. This program started in 2013 and offers the possibility to
households to get connected by paying 1.5 euros per month (over up to 10 years) in addition to
their monthly electricity bill to cover the costs of connexion. This program has resulted in an
increase in the rate of access to electricity in rural areas from 24.1 percent in 1998 to 31.3
percent in 2015.

The household head age and gender have not significant effects on the probability of access to
electricity. The exception is that in 2015, we find that if the household head is a female, it
increases by 1.5 percentage points the probability of having access to electricity. The household
head that lives in a couple has a higher probability of access to electricity and lower household
consumption per capita. The higher the household’s head education level, the higher the per
capita consumption and the probability of access to electricity. This result holds for all the
surveys. The higher the number of children under 15, the lower the household consumption per
capita and the probability of access to electricity. However, in 2015, the effect of the number
of children under 15 on the probability of access to electricity is not significantly different from
zero. The number of elderlies in the household reduces the household consumption per capita
for each survey expect in 2002 but its effects on the probability of access to electricity is positive
and significantly different from zero only in 1998.

Finally, the housing characteristics have also the expected signs for all the four surveys. We
find that the use of firewood or charcoal as energy for cooking has negative effects (between
23.4 and 41.7 percent reduction of the household consumption per capita) on the household
consumption per capita and reduces by 4.3 to 6.8 percentage points the probability of access to
electricity for all the surveys. Furthermore, using grass or other low-quality material as roof
reduces the probability of access to electricity by 6.6 to 9.7 percentage points. It also reduces
household consumption per capita by 5.6 to 15.1 percent.



Table II: FIML estimates for per capita consumption and electricity

1998 2002 2008 2015
variables
Eq1 Eq2 Eq1 Eq2 Eq1 Eq?2 Eq1 Eq?2
electricity 0.1438#*%* 0.0418 0.2095#%#%* 0.051%*
(0.0003) (0.0384) (0.0323) (0.0236)
hhage -0.0154***  -0.0001 -0.0127***  -0.0003 -0.0051*%  -0.0006** -0.0037 0.0001
(0.0001) (0.0004) (0.0044) (0.0003) (0.0028) (0.0003) (0.0027) (0.0002)
hhage square 0.00027%*%* 0.0002#** 0.00004 0.00004
(0.0000) (0.0001) (0.00003) (0.00003)
hhsex 0.0253#%%* -0.0043 -0.0108 -0.0074 -0.0102 -0.0079 -0.0362%* 0.0148**
(0.0005) (0.0146) (0.0264) (0.0095) (0.0278) (0.0098) (0.0192) (0.0074)
hhcouple -0.0351%**  0.0274**  -0.0954*** 0.0098 -0.0625%**  0.0184**  -0.0897***  0.0136%*
(0.0004) (0.0136) (0.0243) (0.0086) (0.0207) (0.009) (0.0187) (0.0073)
hhedu 0.0203**%*  0.0047***  0.0322***  0.003***  (0.0215%*%*% 0.0037***  0.0183***  (0.0017***
(0.0000) (0.0012) (0.0026) (0.0008) (0.0016) (0.0008) (0.0014) (0.0005)
hhcontract 0.0871#*%* 0.0201 0.0188 0.0345%**  (0.1329%** 0.0073 0.1234%%%  (0.04593***
(0.0004) (0.0161) (0.0297) (0.013) (0.0242) (0.013) (0.0236) (0.0109)
hhindep 0.0326%%*%* -0.0044 -0.0007 0.0029 0.0432* -0.021%%  0.0739%** -0.0049
(0.0004) (0.0117) (0.0267) (0.0081) (0.0223) (0.0089) (0.0232) (0.0086)
nbworkers -0.0197***  -0.0002  -0.0191%*** 0.0009 -0.0013 0.0017 -0.0164%%* 0.0012
(0.0001) (0.0021) (0.0054) (0.0021) (0.004) (0.0021) (0.0071) (0.0019)
hnbchild -0.0719#¥*  0.0091*%**  -0.0779%*%*%  0.0054*** -0.0952***  0.0033*  -0.1626%** 0.0017
(0.0001) (0.00198) (0.0053) (0.0019) (0.0063) (0.0017) (0.0055) (0.0015)
hnbelderly -0.0358***  0.0336%** -0.0353 0.0004 -0.0435%* 0.0018 -0.0783*** 0.0058
(0.0003) (0.0095) (0.0251) (0.0074) (0.0203) (0.0093) (0.0137) (0.0036)
hroof -0.0648%***  -0.0967*** -0.1634%**  -0.083***  -0.0579*** -0.0694%** -0.0815%** -0.0665%***
(0.0004) (0.0174) (0.0258) (0.0097) (0.0196) (0.009) (0.0184) (0.0072)
hfirewood -0.3481***  -0.0588**  -0.5399%*** -0.0544*** -0.3249*** -0.0435%** -0.2668*** -0.0684%**
(0.0005) (0.0225) (0.0477) (0.0161) (0.0334) (0.013) (0.024) (0.0111)
hrural -0.1847%%* 0.0004 0.0549* 0.0088 -0.0675%**  0.0272%%*  -0.0851%*%*  0.0125%*
(0.0005) (0.0196) (0.0302) (0.0103) (0.0248) (0.0097) (0.0186) (0.0058)
hmotor 0.2064**%* 0.4394#% 0.3548#*%* 0.33867##*
(0.0004) (0.0395) (0.0243) (0.0196)
comelec 0.5084 ##* 0.5085*#%* 0.584 % 0.4154%#%%*
(0.0163) (0.0111) (0.0123) (0.0076)
intercept 6.8213 % 6.8996 %+ 6.6786%*** 6.9858##*
(0.0015) (0.1221) (0.0776) (0.0746)
rho (p) 0.0416 0.122%%** -0.088** 0.0734%*
(0.0577) (0.0463) (0.036) (0.0312)
sigma (o) 0.4952 %+ 0.6002#** 0.562%#%* 0.5439%#%**
(0.0071) (0.0086) (0.0062) (0.0056)
Regional Yes Yes Yes Yes Yes Yes Yes Yes
dummy
Obs 4,200 10,800 12,600 12,899
0.6875 /
R square/Log 0.4174 - -19,416,201 -17,515,725 -23,099,152
likelihood 3,545,363.5
Wald or F stat 99,999.0 1,453.77 7,092.02 8,955.84 9,875.3
[p-value] [0.000] [0.000] [0.000] [0.000] [0.000]

*** significant at 1% level, ** significant at 5% level, * significant at 10% level. Robust standard errors are in parenthesis. “Eq
17 is the wealth equation with log of per capita household’s consumption as a dependant variable. “Eq 2” is the equation for
access to electricity. For each column headed “Eq 27, the figures reported in the cells are the average marginal effects. For
1998, since the test for exogeneity confirms that the access to electricity is exogenous, we report the coefficients and marginal
effects for the models estimated separately. The description of variables is provided in Table III in appendix.

Source: Authors’ calculation using data from LSMS 1998, 2002, 2008, and 2015



6. Conclusion and Policy Implications

The rate of access to electricity in Cote d’Ivoire has been increasing since 1998. However, only
58.3 percent of the population and 47.1 percent of the poor people have access to electricity in
2015. During the same period, the poverty rate firstly increased and after 2008 started to
decrease slightly. We use the last four rounds of the LSMS to document how access to
electricity helps to alleviate the poverty and how the effects of the access to electricity on
poverty have changed from 1998 to 2015, corresponding to the periods before, during and after
the political and military crisis. For this purpose, we estimate a system of simultaneous
equations using a FIML approach in order to account for the endogeneity of access to electricity
in the poverty equation.

Our results confirm the important role of access to electricity in the poverty alleviation with a
positive and significant effect of access to electricity on household consumption per capita. We
show that before 2002, an increase in the access rate to electricity has not been enough to
contribute significantly to poverty alleviation. The results also highlight that the regions with a
lower rate of access to electricity are also those with higher poverty rates. Furthermore, access
to electricity increases by 5.2 to 23.3 percent the household consumption per capita, resulting
in a decrease of 4.8 to 13.5 percentage points the poverty rate. These findings call for placing
energy poverty at the forefront of poverty alleviation policies. To effectively combat energy
poverty in Cote d'Ivoire, the Ivorian government must promote renewable energy sources and
more particularly off-grid technologies (solar, biomass, etc.) through the strengthening of the
institutional framework and the implementation of incentive measures such as the reduction of
customs and tax taxes on renewable energy equipment. These measures will make it possible
to develop energy investments in certain areas of the country, especially in those areas that are
not connected to the national electricity grid. The government could also spread access to Solar
Home System in off-grid rural areas to increase households income and their welfare (Diallo
and Moussa, 2020). The government must finally make the costs of connexion affordable for
the households living in localities with electrical coverage.

Appendices

Table III: Descriptive statistics on the samples
Variable Description Date Obs. Mean Std. Dev. Min. / Max.

1998 4,200 411.75 342.18 17.71/6074.726
Per capita household consumption in 2002 10,799 548.74 1690.23 16.84/27370.39

pcheons
euro 2008 12,600 522.49 614.25 19.36/20675.48
2015 12,899 588.78 659.90 6.15/16333.17
1998 4,200  0.11 0.32 0/1
hhsex Household's head gender (1=female, 2002 10,799 0.13 0.34 0/1
O=male) 2008 12,600  0.16 0.36 0/1
2015 12,899  0.19 0.39 0/1
1998 4,200 4594 16.89 16/99
hhage Age of household’s head 2002 10,799 46.33 22.81 11/99
2008 12,600 45.51 18.80 14/99
2015 12,899 42.84 18.93 12/120
1998 4,200  0.85 0.36 0/1
Household’s head living in couple 2002 10,799 0.83 0.38 0/1
hhcouple .
(1=yes, O=otherwise 2008 12,600  0.82 0.39 0/1

2015 12,899 0.80 0.40 0/1



Variable Description Date Obs. Mean Std. Dev. Min. / Max.

1998 4,200 3.57 6.14 0/16

. 2002 10,799 4.27 8.96 0/21

hhedu Year of education of household head 2008 12,600 425 726 0/18

2015 12,899 4.17 8.49 0/18

1998 4,200 0.55 0.50 0/1

hrural Household living in rural area (1=yes, 2002 10,799 0.57 0.50 0/1

0=no) 2008 12,600 0.59 0.49 0/1

2015 12,899 0.50 0.50 0/1

T e B R
hfirewood for cooking (1=firewood or charcoal,

0= otherwise) 2008 12,600 0.82 0.38 0/1

2015 12,899 0.81 0.39 0/1

1998 4,200 0.21 041 0/1

wor (et sboneld oy o0 021 oo

otherwise) 2008 12,600 0.25 0.43 0/1

2015 12,899 0.19 0.39 0/1

1998 4,200 0.15 0.36 0/1

hmotor Household' has a motorized ' 2002 10,799 0.15 0.35 0/1

transportation (1=yes, O=otherwise) 2008 12,600 0.14 0.34 0/1

2015 12,899 0.15 0.35 0/1

1998 4,200 0.52 0.53 0/1

comelec Propo.rt.ion.of household vyith accessto 2002 10,799 0.52 0.70 0/1

electricity in the community 2008 12,600 0.55 0.56 0/1

2015 12,899 0.58 0.61 0/1

1998 4,200 4.26 4.82 0/18

hnbehild Number of children under 15 in the 2002 10,799 3.82 5.27 0/22

household 2008 12,600 3.35 5.23 0/21

2015 12,899 2.39 3.33 0/17

1998 4,200 0.34 1.04 0/5

hnbelderly Number of elderly above 60 in the 2002 10,799 0.35 1.50 0/6

household 2008 12,600 0.28 0.92 0/4

2015 12,899 0.32 1.15 0/9

1998 4,200 0.20 0.40 0/1

hhcontract Household's head has a job with . 2002 10,799 0.18 0.39 0/1

formal contract (1=yes, O=otherwise) 2008 12,600 0.17 0.37 0/1

2015 12,899 0.11 0.31 0/1

1998 4,200 0.64 0.48 0/1

hhindep Household's head is an in@ependent 2002 10,799 0.58 0.49 0/1

worker (I=yes, O=otherwise) 2008 12,600  0.67 0.47 0/1

2015 12,899 0.47 0.50 0/1

1998 4,200 8.74 8.81 1/34

. . 2002 10,799 8.10 9.72 1/40

hhsize Households size 2008 12,600  7.24 8.89 1/37

2015 12,899 5.14 5.30 1/36

1998 4,200 3.54 5.31 0/26

hnbworker Numbe'r of household members that 2002 10,799 2.88 4.45 0/29

have a job 2008 12,600  3.15 4.88 0/20

2015 12,899 1.69 2.47 0/23

Source: Authors’ calculation using data from LSMS 1998,

2002, 2008, and 2015



Table IV: Robustness estimates using the binary outcome of poverty

1998 2002 2008 2015
variables
Eq1 Eq2 Eq1 Eq2 Eq1 Eq2 Eq1 Eq?2
electricity -0.0783 %% -0.036 -0.1349%** -0.048%*%*
(0.022) (0.0254) (0.0247) (0.017)
hhage -0.0001 -0.0001 -0.0014%** -0.0003 0.0004 -0.0006** -0.0002 0.0001
(0.0008) (0.0004) (0.0006) (0.0003) (0.0005) (0.0003) (0.0004) (0.0002)
hhsex 0.0204 -0.0043 0.0045 -0.0076 -0.0182 -0.0076 0.0001 0.0146%**
) (0.0283) (0.0146) (0.0184) (0.0095) (0.021) (0.0098) (0.0154) (0.0074)
hhcouple -0.0086 0.0274%*%* 0.0311%* 0.0094 0.0015 0.0184%*%* 0.0222 0.013*
(0.027) (0.0136) (0.0175) (0.0086) (0.0147) (0.0091) (0.0147) (0.0072)
hhedu -0.0101***  0.0046*** -0.0178***  0.003***  -0.0104*** 0.0037*** -0.0091*** 0.0017***
(0.0024) (0.0012) (0.0017) (0.0008) (0.0012) (0.0008) (0.0245) (0.0005)
hheontract -0.0403 0.0201 -0.0096 0.0347%%%  -0.0509%** 0.0079 -0.0928%**  (0.0463***
(0.0299) (0.0161) (0.0236) (0.0129) (0.0195) (0.0131) (0.0245) (0.011)
hhindep -0.0121 -0.0044 0.0194 0.0021 -0.0006 -0.0209*%*  -0.0407** -0.0046
(0.0223) (0.0117) (0.0179) (0.0081) (0.018) (0.0089) (0.0196) (0.0086)
nbworkers 0.0196%** -0.0002 0.014 %% 0.0008 0.0033 0.0018 0.0134%%* 0.0012
(0.0047) (0.0021) (0.0038) (0.0021) (0.0032) (0.0021) (0.0051) (0.0018)
hnbehild 0.0349*** — 0.0091%%*  0.0354***  0.0055***  0.0526%**  0.0033**  (0.1084*** 0.0018
(0.0044) (0.002) (0.0034) (0.0019) (0.0051) (0.0017) (0.0033) (0.0015)
hnbelderly 0.0311 0.0336%** 0.0148 0.0004 0.0366** 0.0019 0.0467#** 0.0056
(0.0201) (0.0095) (0.0168) (0.0074) (0.0154) (0.0093) (0.01) (0.0036)
hroof 0.0337 -0.0966***  0.0907**%* -0.0826***  0.0247*  -0.0694***  0.0331**  -0.067***
(0.0219) (0.0174) (0.0172) (0.0098) (0.0141) (0.009) (0.0129) (0.0071)
hfirewood 0.2523%**%  -0.0581**  0.2617*** -0.0525%** 0.1815%**  -0.043***  0.1673*** -0.0679*+*
(0.0518) (0.0225) (0.0287) (0.0162) (0.0298) (0.013) (0.0214) (0.0109)
hrural 0.1354 %+ 0.0004 -0.0585%** 0.0101 0.0384%*  0.0272%%*%  0.0473***  (.0128**
(0.0365) (0.0196) (0.0193) (0.0102) (0.0191) (0.0097) (0.0131) (0.0058)
hmotor -0.107%%* -0.1464*** -0.1929%** -0.1819%**
(0.0268) (0.0234) (0.0188) (0.0156)
comelec 0.5084 #7#* 0.5101*** 0.5846%+%* 0.4154 %%
(0.0162) (0.0111) (0.0123) (0.0076)
tho (p) -0.0656 -0.1105%%* 0.1002* -0.0902**
(0.0803) (0.0552) (0.0523) (0.0447)
Regional Yes Yes Yes Yes Yes Yes Yes Yes
dummy
Obs 4,200 10,800 12,600 12,899
Log likelihood | -8,016,685.1 3,545:363.5 -12,950,990 -12,528,604 -15,922;495
Wald or F stat 375.1 1,453.77 4,568.87 5,685.96 6,581.41
[p-value] [0.000] [0.000] [0.000] [0.000] [0.000]

*#% significant at 1% level, ** significant at 5% level, * significant at 10% level. Robust standard errors are in parenthesis. “Eq
17 is the wealth equation where the dependent variable is the binary outcome taking 1 if household is poor and 0 otherwise. “Eq
2” is the equation for access to electricity. The figures reported in the cells are the average marginal effects. For 1998, since the
test for exogeneity confirms that the access to electricity is exogenous, we report average marginal effects for the equations
estimated separately. The description of variables is provided in Table III in appendix.

Source: Authors’ calculation using data from LSMS 1998, 2002, 2008, and 2015



Figure 3: Poverty and access to electricity by region in Cote d'Ivoire
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