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Energy poverty and household welfare: evidence in Togo

Djinta Litaaba-Akila, Moubarak Koriko and Yéhome Afi Ezin

Abstract

This paper assesses the effects of energy poverty on household welfare in Togo. To achieve this
objective, this paper uses firstly the logit method to assess the determinants of energy poverty and
the two least squares (2SLS) method to analyze its impact on household welfare. This paper
contributes to the literature by developing a Multidimensional Energy Poverty Index (MEPI)
adapted to the Togolese context. This index captures the multifaceted nature of energy deprivation
including access to cooking fuel, lighting, and communication and allows for a composite measure
to estimate the effect of energy poverty on household welfare. Using national survey data from the
Harmonized Household Living Conditions Survey (EHCVM, 2018) and an instrumental variable
approach, we find that energy poverty significantly reduces household welfare. The results
highlight the importance of tackling energy poverty to improve education and social well-being.
Our results show that energy poverty reduces household welfare: a 1% increase in energy poverty
is associated with a 0.27% decrease in welfare. This general finding is robust to other ways of
measuring well-being and energy poverty. Furthermore, we find that educational attainment is an
important channel through which energy poverty reduces well-being. Our results underscore the
need for policy decisions to address energy poverty, especially when it comes to improving
household welfare.
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1. Introduction

As a complex and multifaceted issue with disincentives, energy poverty leads to multiple forms of
vulnerabilities (Day, et al., 2016; Gafa & Egbendewe, 2021). The emerging literature on energy
deprivation identifies vulnerabilities encompassing a complex intersection of life and social
circumstances (Grey, et al., 2017; Longhurst & Hargreaves, 2019). However, empirical studies
that have examined the effect of energy poverty on these vulnerabilities have primarily focused on
the life circumstances of the vulnerabilities, with little or no attention paid to their social dimension
(Schwanen, et al., 2015). Thus, these studies turn to the effect of energy access on health (Lin &
Okyere, 2020; Churchill, et al., 2020), education (Oum, 2019), and poverty in general (Amin, et
al., 2020) with only marginal attention paid to the socio-economic aspects of energy poverty.

In sub-Saharan Africa (SSA), progress has been made in recent years to increase the availability
as well as citizens’ access to modern energy. In West Africa, the average electrification rate is
nearly 76% and 29% in urban and rural areas respectively; while on average, about 86% of the
population uses traditional biomass for cooking (World Bank, 2020). Moreover, the regional
average does not indicate substantial heterogeneities between countries. Especially in Togo, the
percentage of the population using biomass for cooking is about 95 percent - among the highest in
SSA. Countries such as Senegal and Ghana perform relatively well and rank among the highest in
modern energy access with shares of 78 percent and 68 percent, respectively (IEA, 2017; World
Bank, 2020).

In the regional context, there is a limited energy supply (mainly due to poor infrastructure) and
increasing energy demand resulting from rapid population growth. The focus on providing
affordable and clean energy for all (SDGs 7) becomes essential to promote human development in
West Africa. Togo's energy situation is characterized by an electrification rate of 54% in 2020
according to the World Bank. A proportion that has increased significantly since 2005 when it
stood at 18%. However, there is a significant disparity between urban areas, where the rate of
access to electricity is 94.1%, and rural areas, where the rate is around 24% (World Bank, 2022).
Therefore, a deeper understanding of the energy poverty situation in rural areas, where acute
energy poverty is generally more prevalent, is needed (Martinez & Ebenhack, 2008).

However, consideration of relevant issues such as the Sustainable Development Goals (SDGs) is
generally focused on the overall goal of "leaving no one behind." Therefore, the consumption of
modern energy services (SDGs-7), among other SDGs, plays a crucial role in achieving this goal.
Understanding how this access to energy helps shape social decisions is therefore critical to
informing policy and action, particularly where social inclusion is fundamental to the goals and
targets of the SDGs. Again, in order to live without shame, humans typically place a high value
on intangible and psychological needs such as their social image when they become wealthy (Sen,
1999). This perceived social image fully considers their prior life circumstances, family history,
group experiences, and perceived future trajectories (Oliver-Smith, 2013). It again serves as an
important piece of information that best explains behaviour, corrects for market inefficiencies
(Weiss & Fershtman, 1998), and results in higher output and wages. Therefore, any damage to
one's social image not only affects self-image, well-being, relationships, stereotypes, and
prejudices, but also has adverse economic consequences. This study attempts to answer the
fundamental question: what are the effects of energy poverty on household well-being? The
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objective of this research is to assess the effects of energy poverty and clean cooking fuel adoption
on household welfare in Togo.

Unlike previous studies that rely on single indicators, this research constructs a context-specific
Multidimensional Energy Poverty Index (MEPI) for Togo. This index provides a more holistic
assessment of energy deprivation by integrating both objective and subjective indicators. These
indicators include: (i) type of cooking fuel used, (ii) indoor air pollution, (iii) access to electricity,
(iv) ownership of information/entertainment devices, and (v) ownership of communication
devices. This selection reflects both household-level energy services and broader energy-related
welfare It thus offers an improved methodological tool for understanding the relationship between
energy poverty and welfare.

The rest of the paper is structured as follows. Section 2 provides a brief methodological review of
the energy poverty literature and Section 3 describes the method used. The estimation results are
discussed in Section 4. Section 5 concludes with key policy recommendations.

2. Literature review

2.1 Conceptual framework of energy poverty

Energy poverty is one of the dimensions of deprivation and lack of well-being in a broad sense. It
is described by the lack of access to electricity and clean cooking and is indicated by three
situations: lack of access to modern energy services, the unreliability of services, and affordability
of access (IEA, 2017). It is related to energy scaling, which reflects a situation in which energy
efficiency increases due to an energy transformation caused by switching from traditional fuel to
a modern fuel, for example from firewood to kerosene or from kerosene to liquefied petroleum gas
(Holdren et al., 2000). Zhang et al., 2019 defined households that use solid fuels for cooking as
being in energy poverty. For the IEA, households are in energy poverty when their energy
expenditures are more than 10% of their income.

The SDG for Energy (SDG7) highlights three targets for 2030: (i) ensure universal access to
modern energy services; (ii) double the share of renewable energy in the global energy mix; and
(ii1) double the global rate of energy efficiency improvement. Fundamentally, access to modern
energy can help achieve eight SDGs: (i) no poverty; (ii) no hunger; (iii) good health and well-
being; (iv) education quality; (v) gender quality; (vi) decent work and economic growth; (vii)
industry, innovation and infrastructure; and (viii) sustainable cities and communities (IEA, 2017).
This implies that modern energy services can create new opportunities to increase human
capabilities and resilience (Sambodo & Novandra, 2019).

Accurately measuring and monitoring energy poverty is a critical aspect of efforts to improve
access to modern energy services for all. Existing measures to monitor multidimensional energy
poverty include single indicators, composite indices, and multilevel indicator and index
dashboards (Pelz et al., 2018). Despite the differences, some commonalities in recent approaches
include framing energy poverty in terms of energy services and distinguishing between different
household services or end uses, such as cooking, lighting, and space cooling (Nussbaumer et al.,
2012; Practical Action, 2010, 2012). The recognition of the importance of energy service is beyond
those of households for development, such as community lighting, sanitation, mechanical power
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(Bhatia & Angelou, 2015; Practical Action, 2013, 2014), and the emphasis on multiple dimensions
as well as threshold levels or cutoffs for each used to identify the energy poor (Bhatia & Angelou,
2015; Nussbaumer et al., 2012).

Early attempts to capture the multidimensional nature of energy poverty include the development
of the so-called access-use framework (Pachauri et al., 2004; Pachauri & Spreng, 2004). These
early efforts emerged from the theoretical contributions of Amartya Sen's capability approach and
the Rawlsian tradition of justice as equity (Rawls, 1971; Sen, 1992). The framework makes a
normative distinction between those with less than enough energy to prepare one or two meals a
day and very limited lighting. The two-dimensional framework of access and use has been reduced
to a single dimension by weighting the dimensions of fuel access to obtain a single rate of energy
poverty related to access and use which is one of several energy indicators for monitoring
sustainability in developing countries (Kemmler & Spreng, 2007).

Building on Sen's capability approach, encouraging progress has been made in conceptualizing
and recognizing the multidimensionality of poverty (Alkire, 2002; Alkire & Santos, 2014), and
energy poverty (Nussbaumer et al., 2012; Practical Action, 2010, 2012) in recent times. However,
efforts to operationalize multidimensional measures more broadly have been limited. This is partly
due to a wide range of views on how to define energy poverty and a lack of consensus on which
dimensions should be considered in measurement, analysis, and policymaking (Bazilian et al.,
2010; Pachauri, 2011; Pachauri & Spreng, 2004).

According to Nussbaumer et al. (2013), the Multidimensional Energy Poverty Index (MEPI) is
designed to capture and assess a set of energy deprivations that affect an individual or household.
This index is composed of five dimensions representing basic energy services and six indicators
of these dimensions: Cooking (Modern cooking fuel, indoor pollution), Lighting (Access to
electricity), Services provided through appliances (Ownership of appliances),
Entertainment/education (Ownership of entertainment/education devices), Communication
(Means of telecommunication). In terms of weighting structure, greater importance is given to
energy services considered essential. Indeed, 40% of the total weight is attributed to cooking, with
the same share being distributed between the type of fuel used as a convenience indicator and
indoor pollution. Lighting is an essential energy service. The other services receive an equal share
of the remaining household weight (Nussbaumer et al., 2013).

2.2 Energy poverty and welfare

Non-monetary poverty is a more serious problem than monetary poverty (Patunru, 2013). The
development of basic infrastructures such as education, health, access to clean water, sanitation,
roads, and electricity contributes to reducing non-monetary poverty and improving social welfare.
For Hausmann et al (2005), poor infrastructure leads to low social returns, which in turn leads to
low returns to economic activity, resulting in low levels of private investment and
entrepreneurship. Thus, the indicators of monetary and non-monetary poverty (access to basic
infrastructure) are interconnected and can both lead to a vicious cycle, in the absence of any
positive policies (Sambodo and Novandra, 2019).

The existing literature on energy access and poverty argues that energy is valued only by its ability
to satisfy certain energy service needs of individuals, households, or businesses (Goldemberg et



Energy Studies Review Vol 28 (2) 2026 Litaaba-Akila, Koriko & Ezin 5432

al., 1985; Pachauri & Spreng, 2004; Sovacool et al., 2012; Sovacool & Ratan, 2012). Improvement
in energy access can contribute in various ways to improved well-being. The link between access
to electricity and well-being is a complex mechanism (Khandker et al., 2013). Access to electricity
has a direct impact on increasing the demand for electronic and technological devices such as cell
phones, computers, lamps, radios, televisions, irons, fans, refrigerators, kettles, rice cookers, air
conditioners, and electric machines such as sewing machines, and many others (Sambodo &
Novandra, 2019). Several studies have focused on the relationship between access to electricity
and people's well-being (Munasinghe, 1988; Peng & Pan, 2006; Reiche et al., 2000; Kanagawa &
Nakata, 2008). Reiche et al. (2000) studied the social impact of rural electrification programs on
increasing living standards. They point out that the reduction in the consumption of traditional
energy such as firewood leads to improved health conditions and environmental quality, increased
employment opportunities, and improved business productivity. Similarly, Kanagawa and Nakata
(2008) studied access to electricity in a poor region of India and showed that access to electricity
has a direct and indirect impact on poverty indicators such as health, education, income, and the
environment.

According to Barnes et al. (2010), access to electricity can reduce energy expenditures. When the
relative price of energy decreases and non-food expenditures are more likely to be energy
intensive, then with access to electricity, non-food expenditures will increase relative to food
expenditures. They also argued that both food and non-food expenditures can increase with
electricity access. Access to electricity will also increase productivity and income (Barnes et al.,
2010). Sola et al. (2016) studied the link between energy access and food security. They argued
that poor access to energy for cooking can lead to a reallocation of household resources from food
production and preparation to fuel purchases. They also argued that a lack of access to energy can
encourage a shift to lower-quality forms of energy, thereby reducing agricultural productivity.
However, Sola et al. (2016) argued that evidence linking energy access and food security is still
lacking. Access to electricity is not the only cause of poverty. Based on the Multidimensional
Poverty Index (MPI), poverty covers three dimensions: education, health, and living standards.
Poverty reduction, therefore, requires comprehensive strategies. Providing better access to
electricity also requires capacity building in the areas of education, health, etc. This implies that
access to electricity must be provided to all people since access to electricity can raise the capacity
and ability to improve well-being. In the same logic, the provision of better health services must
be a priority program in the fight against poverty.

Energy poverty is complex and cannot be reduced to a single facet that a one-dimensional approach
would highlight. A single indicator such as the electrification rate or the source of cooking energy
masks several essential dimensions, leading to an underestimation of the deprivation experienced
by households (Bouzarovski & Petrova, 2015; Nussbaumer, et al., 2012). The multidimensional
approach therefore provides a better understanding of this phenomenon by considering energy
poverty as a multifaceted concept that goes beyond the absence of electricity to include other forms
of energy deprivation such as affordability, reliability of supply, quality of equipment, safety of
sources used, and effective use of energy. Following the multidimensional approach provides a
holistic view and allows for a more detailed identification of various forms of vulnerability, by
distinguishing between a household that is connected but exposed to frequent power cuts and
another that uses dangerous fuels for cooking, while improving the ability to target public policies
(Gafa & Egbendewe, 2021). Furthermore, by integrating heterogeneous data into a more robust
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synthetic measure, the multidimensional index facilitates comparisons between individuals over
time and space. The multidimensional approach is also consistent with the multidimensional
approach to poverty, in particular the capabilities developed by Sen (1999), which emphasizes the
deprivation of real freedoms rather than monetary deficits alone. Finally, the calculation of the
multidimensional synthetic index in this research is based on a normative framework compatible
with the Sustainable Development Goals, in particular SDG 7, which promotes universal access to
clean, reliable, and affordable energy (United Nations, 2015).

However, in terms of standard of living, the sum of access to electricity and cooking fuel has the
greatest contribution (Alkire & Robles, 2017; Gafa & Egbendewe, 2021). Access to cooking fuel
is an important indicator of living standards. By having access to clean cooking energy, rural
women can reduce the time spent collecting firewood (Sambodo & Novandra, 2019). As a result,
they can spend more time on other productive activities. Access to modern cooking energy can
also reduce health risks from mosquito bites and other predatory animals, as people do not need to
go into the jungle or forest to find firewood.

3. Methodology

3.1Calculating the Multidimensional energy poverty (MEPI)

To estimate energy poverty, we applied the Multidimensional Energy Poverty Index (MEPI)
framework of Nussbaumer et al. (2012). In this framework, energy poverty is characterized by a
lack of sustainable energy services. This index encompasses five dimensions regarding critical
energy services with six indicators (see Table 1). The indicators reflect deprivation in modern
energy services and allow for the calculation of energy deprivation scores. The six indicators can
also be weighted. However, the relative importance of the lighting and cooking dimensions in
energy poverty, especially in the context of developing countries, requires that we give more
weight to these dimensions relative to the others (Adusah-Poku and Takeuchi, 2019; 2020;
Nussbaumer et al., 2013). Thus, the two indicators in the cooking dimension are assigned a weight
of 0.205, while the lighting dimension is assigned a weight of 0.200 following Adusah-Poku and
Takeuchi (2019) and Koomson and Danquah (2021). We assign an equal weight of 0.130 to the
other MEPI dimensions. Deprivation scores (weighted sum of deprivations) ranging from 0 to 1
(where 1 represents households that are deprived in all MEPI dimensions and 0 otherwise) are
expressed as follows:

di = W111 + Wzlz + .-, +Wnln (1)

Where d; represents the household's energy deprivation score, I; = 1 if the household is deprived
of indicator 1 and, I; = 0 otherwise. w; represents the weight and is defined as follows: Zfizo w; =
1. Following Nussbaumer et al. (2012), deprivation scores are compared to a predefined threshold
scale (0.333), where a household is described as multidimensionally poor if its deprivation score

is at least greater than or equal to the threshold. In this study, we will also estimate the enumeration
ratio or incidence (H = %) and intensity (4 = “Tldi) of MEPI energy poverty. Where q represents
multidimensionally energy poor households while n means the total number of households.
Following Nussbaumer et al. (2012), we set a deprivation threshold of 0.333, which implies that a
household is considered energy poor if it is deprived in at least two weighted dimensions. This
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cutoff is commonly used in multidimensional poverty studies and balances sensitivity (capturing
enough deprivation) and specificity (excluding marginally deprived households).

Table 1: Energy poverty dimensions for the MEPI

Dimension Indicator Weight
Cooking Fuel type, Indoor pollution 0.205x 2
Lighting Access to electricity 0.200
Entertainment/Education TV, Radio, etc. 0.130
Communication Mobile phone, etc. 0.130
Appliance ownership Iron, fridge, etc. 0.130

3.2 Econometric framework and estimation strategy
The basic assumption is that household energy poverty is expected to have substantial effects on
household welfare, including food consumption, education and health of the individuals in the
household. To analyze the effects of energy poverty on household welfare, the model specification
can be written as follows:

Welfare; = a+ B MEPI; + X B, Xy, + & (2)

Where, Welfare is the level of subjective welfare for household head i; MEPI; represents the
multidimensional energy poverty index for household i; X ; is a vector of characteristics for
household head i that includes education, age, and marital status, among others; ¢; is the randomly
distributed error term; represents the coefficients of the regressors; and « represents the constant
term. The fractional regression model was adopted to estimate the impact of multidimensional
energy poverty on household welfare in Togo.

In addition to MEPI, several other influencing variables are relevant in explaining household
welfare. Following previous studies, household welfare is controlled by the characteristics of the
household head. Specifically, education, gender, age, and marital status of the household head
based on the work of Baltes (2006); Becker et al. (2017); Oakes & Rossi (2003); and Shapiro &
Keyes (2008). We also have household characteristics such as household income and location.
Educational status and income were considered controls because their combination serves as a
basis and definition for one’s hierarchy in society (Adler et al., 1994; Oakes & Rossi, 2003).
According to Shapiro and Keyes (2008). In addition, age primarily reflects a person's life
experiences and wisdom, which increases their social standing (Baltes, 2006). Appendix B
provides a description of these variables and their summary statistics.

As for the estimation strategy, the likely bidirectional relationship between energy poverty and
household welfare highlighted in the literature raises questions about endogeneity. To ensure the
robustness of our estimates, we adopted an instrumental variable approach with endogenous
regressors (Wooldridge, 2011). We instrumented for energy poverty using energy prices
(electricity and Liquefied Petroleum Gas (LPG) prices). The exclusionary restriction here is that
energy prices must be correlated with energy poverty but must not be related to unobserved
characteristics that affect social status. The works of Narayan and Smyth (2005); Fan and
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Hyndman (2011); Churchill et al. (2020); and Lin and Okyere (2020) support the use of energy
prices as a proxy for energy deprivation.

3.3 Data

This paper uses a recent and particularly rich database from the 2018 Harmonized Household
Living Conditions Survey (EHCVM) conducted by the National Institute of Statistics and
Economic and Demographic Studies of Togo (INSEED-Togo). This survey was conducted among
42,343 individuals and 6,171 households throughout Togo. This survey, which was conducted
within the framework of the Program for the Harmonization and Modernization of Household
Living Conditions Surveys (PHMECYV) of the West African Economic and Monetary Union
(WAEMU), was carried out using modern, harmonized collection tools that comply with
international standards. The following table presents the descriptive statistics of the variables.

Table 2: Descriptive statistics of variables

Variables Definitions Average  Min Max
Environment Place of residence (0 urban, 1 rural) 0.087 0 1
hgender Gender of head of household 0.853 0 1
Telpor No access to mobile phone=1 0.666 0 1
Internet No internet access=1 0.054 0 1
elec_ac No access to electricity=1 0.081 0 1
Toilet No access to toilets=1 0.056 0 1
Tv No access to television=1 0.106 0 1
Iron No access to the iron=1 0.016 0 1
Fridge No access to the fridge=1 0.005 0 1
Cook No access to gas/electric stove=1 0.001 0 1
Computer Do not own a computer=1 0.008 0 1
hhsize Household size 5.735 1 31
hage Age of head of household 45.783 7 99
hreligion Religion of head of household 1.977 0 3
HH EDUC Level of education of the head of the 2420 1 9
- Household
Dtot Total hogsehold expenses proxy for 50506.46 0 4236000
household income
AC.CG§S tONo access to drinking water=1 0.585 0 1
drinking water
hbranch Sector of activity of the head of the 4430 1 1
Household
hmstat Marital status of the head of the household 3.120 1
elec_ac Access to electricity by the household 0.263 0 1
Kitchen Access to the modern kitchen by the 0.005 0 1
Household

region region of residence of the household 3.939 1 6
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4. Results
In this section, we present the results of logistic estimation of energy poverty in Togo using the
multidimensional poverty measure and its effects on household welfare with instrumental variables

method.

4.1 Results of the MEPI computation
Table 3 presents the results of the MPI computation and the contribution of each dimension.

Table 3: Multidimensional energy poverty indices and percentage contribution of each

dimension
MEPI - Nussbaumer et al
(2012)

Intensity (A) 52.9%
Headcount (H) 99.7%
MEPI (H*A) 0.527
Contribution of each dimension
Cooking 0.368
Lighting 0.051
Entertainment/education 0.263
Entertainment/education 0.244
Communication 0.063

Based on the multidimensional energy poverty measures, MEPI estimates shown in Table 2, 52.7%
of households in Togo are energy poor. The results also suggest that multidimensional energy poor
households are deprived of 52.9% of the weighted deprivation in Togo. Therefore, on average,
households in rural Senegal have better access to clean energy for cooking and lighting and better
access to energy services than those in Togo. Overall, the cooking dimension is the main
contributor to MEPI in both countries, according to the approach of Nussbaumer et al. (2012).
Traditional cooking energy use and resulting indoor air pollution account for relatively more than
two-thirds of multidimensional energy poverty and contribute about 36% of multidimensional
energy poverty in Togo. This finding is similar to that of Crentsil, et al. (2019) in the case of Ghana.

Overall, the results suggest that indicators that are based on total energy consumption, such as
physical energy requirements and demand-side approaches, provide lower estimates of coverage
for Togo.

4.2 Determinants of MEPI
After calculating the MEPI, we run the logit regression and marginal effects to identify the factors
affecting the MEPI. The results of these regressions are summarized in Table 4.
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Table 4: Logit regression estimates for Togo

Energy poverty Dy/dx Z
hage .0015505 9.26
HH_EDUC .0041319 0.52
milieu

Rural -.0989701 -7.23
hhsize -.0169121 -14.23
hgender

Female .0116208 1.66
hreligion -.0024351 -0.89
hbranch .0052554 5.87
dtot 1.55e-08 7.28
situ_matri

married .021782 3.01
Household Assets .0362437 11.80
Constant -5.696545 9.26
R? 0.7991

Observations 5659

w5 < 0.01, **p < 0.05

Household size significantly influences a household's energy poverty status. This result is similar
to Ismail and Khembo (2015) who found that household size is a significant determinant of energy
poverty in South Africa. In both locations, an additional child increases the probability of being
energy poor for all indicators (6% in Togo). Our results show that household expenditure has a
significant and positive impact on energy poverty. The more a household spends,the less energy
poor it is. Thus, while having additional children may lead to low household income or low per
capita energy consumption, in rural areas it also generates more hands (labour) for biomass energy
collection. Thus, these households are less likely to spend a large portion of their income on energy
consumption, which leads to a lower probability of being energy poor when theexpenditure-based
indicator is used.

Focusing on rural Togo, under the expenditure-based measure, a household is less likely to be
energy poor when the head of the household is a woman and therefore finances the purchase of
energy compared to a situation where the head of the household pays for energy. Similarly, a
household is less likely to be energy poor under the expenditure-based approach when solely the
woman than when the decision is made jointly makes energy decisions. These results tend to
support the hypothesis of a greater allocation of resources to energy by women in rural Togo
compared to men. Similarly, when the man only or the woman only decides on energy use, the
probability that the household is energy poor is higher than when the decision is made jointly in
the household according to the demand and physical threshold indicators (Table 3).

4.3 Results of the estimation of the effects of MEPI on household welfare in Togo
Table 5 summarizes the results of the estimation of the effects of energy poverty on the household's
welfare in Togo using the instrumental variables method.
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Table 5: Estimation of the effects of energy poverty on the household's welfare

Welfare Coef. 7z
Access to drinking water 1.183 9.09
Non- energy poor houshold 0.712 18.34
Hreligion 0.273 15.6
Heduc 0.103 7.99
Hbranch -0.012 -2.55
Gender of the houshold (male)

-0.143 -3.67
Female
Marital status of the head of household 0.854 14.21
Age of the head of household -0.002 -2.33
R? 0.586
0.044 12.1
cons

*Hkp < 0.01, **p < 0.05

The results of the estimation of the impact of energy poverty on household welfare show that
energy poverty has a negative effect on the welfare of Togolese households. This is because access
to electricity, improved stoves, cell phones, etc. not only define the level of wealth of households
but also their welfare. A household with a high income could afford it, unlike a poor household,
which explains the sign of the household income variable, which is positive. Our results
corroborate with those of Sambodo and Novandra, (2019). The gender of the household head has
a negative effect according to our results, which shows that, on average, female-headed households
are more likely to be in a precarious welfare situation. Given that, the expenditure-based approach
relies on the share of energy expenditure in household income, having a female head of household
means a higher chance of being energy poor, as female-headed households tend to have a lower
income than their male-headed counterparts (UNECA, 2017). This finding is also consistent with
Ismail and Khembo (2015) in the South African context. In rural Togo, while female-headed
households are more likely to be in fuel poverty according to expenditure-based indicators, they
are also less likely to be in fuel poverty according to the physical threshold approach; suggesting
that perhaps more resources are allocated to energy collection in female-headed Togolese
households than in male-headed households. More than 58% of the Togolese population does not
have access to safe drinking water, which explains the negative impact of access to safe drinking
water on household welfare.

As shown in Table 4, a non-energy-poor household spends more on food and non-food items, and
thus has higher welfare, compared to an energy poor household (all else equal). In addition,
households without access to modern cooking spend less on food and non-food items. This is
because the initial condition of a household with access to electricity tends to decrease the number
of malnourished individuals by five (all else equal) (Banerjee, et al., 2021). The initial condition
of having the national grid decreased the number of malnourished people by about five people.
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However, the extension of the national network tended to increase the number of malnourished
people, but this is not statistically significant. It can be argued that going through the national grid
connection does not automatically mean access to electricity. It takes several months to switch
from high-voltage to low-voltage transmission. In addition, connecting a low-voltage grid to the
home requires installation; for many families, this is very expensive.

5. Conclusion

There has been very little research on the impact of energy poverty on welfare. Our study offers a
novel contribution to the measurement of energy poverty in the Togolese context by developing
and applying a Multidimensional Energy Poverty Index (MEPI). Compared to traditional single
indicators, our MEPI captures a broader set of deprivations, allowing for a more comprehensive
understanding of how energy poverty affects welfare (Thomson, et al., 2017b; Churchill, et al.,
2020).

This study contributes to the literature by constructing a multidimensional energy poverty index
tailored to the Togolese context. This index reflects the complex nature of energy poverty and
condenses it into a single, interpretable metric suitable for policy evaluation and econometric
analysis. We combined objective and subjective indicators (five in total). We applied similar
definitions and metrics to those used to study energy poverty in Europe (Buzar, 2007; Thomson &
Snell, 2013). We also acknowledge research on multidimensional energy poverty in developing
countries (Nussbaumer, et al., 2011). By providing a multidimensional index, we address the main
drawback of using single indicators only: namely, conflicting interpretations and results of
different indicators. In parallel, we provide a single multidimensional poverty index at the
household level for which the interpretation is clear: i.e., a household is considered energy poor if
it experiences at least two forms of deprivation. The index allows us to understand the coincidence
of different facets of poverty at the household level, estimate the incidence of energy poverty in a
given population, as well as to make comparisons across categories.

In this study, we find that energy poverty has negatives effects on the welfare of Togolese
households, and that school performance is an important channel through which energy poverty
decreases welfare. This general finding is robust to different ways of treating endogeneity.
Consistent with previous research, we emphasize the need for policymakers to ensure that energy
is affordable and accessible to all households by increasing access and investment in clean
renewable energy technologies, and through subsidies and support for low-income households.
This is particularly important in a country like Togo where, despite the availability of electricity,
millions of rural residents cannot afford it (Tang & Liao, 2014). While the benefits of these
enabling policies for households are clear, our research suggests that the benefits for children in
the household are even more immense given its effect on their well-being. Children are the most
exposed to and affected by the negatives effects of fuel poverty and suffer these consequences for
a relatively much longer period. Thus, supportive policies that address energy poverty go a long
way toward preventing long-term consequences on children's health, welfare, and education in the
future. These policy measures must also consider the different effects of energy poverty on boys
versus girls, and on households living in rural versus urban areas.
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It is therefore more useful to involve children in both household practices and policy decisions that
address energy poverty, especially when it comes to children's welfare. Finally, we note that energy
poverty is often linked to lack of access to other basic amenities such as clean water sources, which
are equally important to children's health and well-being (Zhang, et al., 2019a). We echo existing
calls for policymakers to ensure the provision of basic public services such as safe drinking water
and health care facilities, particularly in rural areas, which also tend to experience higher rates of
energy poverty. As already advanced by the Sustainable Development Goals, an integrated policy
implementation that considers all aspects of poverty reduction, including but not limited to energy

poverty, is much more sustainable and beneficial, especially for children in the long run (Khandker
et al., 2014)
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Appendices

Summary of mpi indicators

Indicator TVpe Weight Deprived
Domain 1

cooking Binary .2 7.666 %

indoorpoll Binary .2 G2.334 %
Domain 2

elec ac Binary .1 26.256 %

elec ua Binary -1 1.199 %
Domain 3

nothavefridge Binary .14 SS9 .173 %
Domain 4

nothavetwv Binary .13 $9.044 %
Domain 5

nothavephon Binary .13 25.429 %
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Appendix 1: Multidimensional energy poverty indices and percentage contribution of each
dimension

Deprived: Percentage of individuals whose indicator walues are
below the threshold.

Main results N = 6170
Coef. Std. Err. [85% Conf. Interwvall]
Main
H 0.997 0.001 0.9%96 0.998
MO 0.527 0.001 0.525 0.52¢
Additional
% 0.529 0.001 0.527 0.531
Note: Adjusted Multidimensional Headcount MO = H*A
Indicator MO
domain 1
cooking 0.029%
indoorpoll 0.34¢9%
domain 2
elec_ac 0.0495
elec ua 0.002
domain 3
nothavefridge 0.263
domain 4
nothavetw 0.244
domain 5
nothavephon 0.063
Total 1.000

Contribution of each indicator (%)

Domain MO
domain 1 0.378
domain 2 0.052
domain 3 0.263
domain 4 0.244
domain 5 0.063

Total 1.000

Contribution of each domain (%)

Type ereturn list to see the list of saved results and more
information on the estimation sample.
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Appendix 2: Logit regression estimates for Togo
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Multinomial logistic regression Number of obs = 5,659
LR chi2 (10) - 5270.44
Prob > chi2 = 0.0000
Log likelihood = -662.52368 Pseudo R2 0.7991
energy_povertyl Coef. Std. Err. z P>z [95% Conf. Intervall
0
hage .0514239% .0056052 9.17 0.000 .0404379 .0624089
HH_EDUC .137041 .2650213 0.52 0.605 -.3823913 .6564732
milieu
Rural -2.06533 .1916471 -10.78 0.000 -2.440952 -1.689709
hhsize -.560912 .0393571 -14.25 0.000 -.6380505 -.4837735
hgender
Féminin .376317 .2202193 1.71 0.087 -.0553049 .807939%9
hreligion -.0807635 .0910043 -0.89 0.375 -.2591287 .0976017
hbranch .174301 .0292364 5.96 0.000 .1169988 .2316033
dtot 5.15e-07 6.97e-08 7.39 0.000 3.78e-07 6.51e-07
situ matri
Marié .7115623 .2295548 3.10 0.002 .2616431 1.161482
n_small assets2 1.202073 .1056285 11.38 0.000 . 9950452 1.409101
_cons -5.696545 .4875652 -11.68 0.000 -6.652155 -4.740935
1 (base outcome)
Appendix 3: Margins results
Delta-method
dy/dx Std. Err. z P>zl [95% Conf. Intervall]
hage .0015505 .0001e75 9.206 0.000 .0012222 .0018788
HH_EDUC .0041319 .0079836 0.52 0.605 -.0115157 .0197796
milieu
Rural -.0989701 .013683 -7.23 0.000 -.1257882 -.072152
hhsize -.0169121 .0011882 -14.23 0.000 -.0192408 -.0145833
hgender
Féminin .0116208 .0069885 1.66 0.09%e -.0020763 .0253179
hreligion -.0024351 .0027424 -0.89 0.375 -.0078101 .0029399
hbranch .0052554 .000895 5.87 0.000 .0035011 .0070096
dtot 1.55e-08 2.13e-09 7.28 0.000 1.13e-08 1.97e-08
situ matri
Marié .021782 .0072484 3.01 0.003 .0075754 .0359886
n_small assets2 .0362437 .0030715 11.80 0.000 .0302237 .0422638
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Appendix 4: Estimation of the effects of energy poverty on the household's welfare in Togo using
the instrumental variables method

welfare Coef. Std. Err. z P>|z| [95% Conf. Interval]
eau_pot 1.183338 .1301538 9.09 0.000 .9282411 1.438435
1l.energy_ povertyl .7120005 .0388156 18.34 0.000 .6359233 .7880778
hreligion .2728687 .0174547 15.60 0.000 .2385798 .3071576
heduc .1029376 .0128806 7.99 0.000 .077692 .1281831
hbranch -.0123372 .0048363 -2.55 0.011 -.0218161 -.0028583
hgender
Féminin -.1433233 .0391005 -3.67 0.000 -.2199588 -.0666879
situa matri .854105 .0e01004 14.21 0.000 .7363104 .9718997
hage -.0015247 .0008254 -2.33 0.020 -.0035424 -.000307
hhsize .0441339 .0036479 12.10 0.000 .0369841 .0512837
_cons -2.567144 .216334 -11.87 0.000 -2.991151 -2.143137
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