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Abstract: Despite considerable improvements in electricity coverage, millions of people are still
lacking the access to electricity. Residential electricity access is a prerequisite for numer-
ous aspects of increased well-being and quality of life. The aim of this paper is to identify
key household characteristics that are linked to the energy poverty measured as access to
electricity. Literature on financial and general poverty showed mixed results on household
size and characteristics as a driver of poverty. We argue that household size and propor-
tion of children in households are key variables associated with energy poverty in devel-
oping countries with lowest levels of electricity coverage. Our research approach treats
electricity access as economic good and focuses on demand side — households. By utilizing
census microdata across 69 non-OECD countries, our research provides large-scale anal-
ysis on household size and characteristics as a driver of energy poverty. We found that, in
majority of low-income countries, same principles for general or financial poverty apply
to energy poverty which is represented by negative effect of household size and proportion
of children on energy poverty.

Keywords: electricity access; household size; energy poverty; demographic change
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Introduction

Access to electricity is a prerequisite for a number of activities that significantly
raise the quality of life and prevent general poverty (Pachauri & Spreng, 2003). De-
spite tremendous expansion of electricity network in recent decades in many devel-
oping countries, almost 20% of the world population does not yet have the access to
electricity (Panos et al., 2016). Majority of non-electrified households are located in
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Sub-Saharan Africa with 578 million people without access to electricity (Interna-
tional Energy Agency, 2020).

Demographic changes play an important role in electrification success. For exam-
ple, rapid population growth in Sub-Saharan Africa slowed down or even reversed
improvements in electricity access measured by share of people with access to elec-
tricity (Pachauri et al., 2012). Also, changes in household formation and type could
result in significant increase in demand for new connections. Developing countries
are characterized mainly by young age structure. Changes in the household forma-
tion towards increased preference for nuclear families or leaving parental household
in general creates a great demand for new connections to the electrical grid as shown
in South Africa (Wittenberg et al., 2017). Evidence from developed countries shows
increased residential electricity consumption for younger (Liddle, 2011) and older
cohorts (Estiri & Zagheni, 2019; Liddle, 2011). The same is not yet confirmed for
developing countries, but due to their young population structure it could prove to be
another obstacle in gaining universal electricity access.

In the research on residential energy consumption emphasis is put on building
characteristics, which is confirmed to be important physical factor of energy con-
sumption. However, the building characteristics alone do not explain the differences
in household energy consumption, moreover, there are differences among households
with similar building characteristics. Broader understanding of household energy
consumption lacks demographic background because existing research connecting
these topics show that households have an indirect impact on energy consumption
(Estiri, 2015; Estiri & Zagheni, 2019).

Access to electricity is a prerequisite to electricity consumption and we argue that
some concepts valid for energy consumption apply to access to electricity. However,
energy consumption represents the “demand-side” yet access to electricity is depen-
dent on the “supply side” since it usually relies on infrastructural projects funded
by national authorities or large-scale private investments. Large-scale infrastructure
projects on electrification have effectively improved electricity coverage in urban
areas in developing countries. However, no similar progress has been made in rural
settlements where electrification expansion stalled. In recent decades, new techno-
logical solutions have enabled new, innovative methods of creating a decentralized
energy system. Such systems have been developed precisely with the aim of increas-
ing electric coverage in rural settlements in developing countries. Literature does not
identify ideal approach for rural electrification. Rather, multiple approaches are sug-
gested, particularly since off-grid systems needed for large-scale rural electrification
are often not commercially viable option (Alstone et al., 2015; Chaurey et al., 2004).
Public financing of electrification, however unpopular for various reasons, must not
be written off in underdeveloped countries, with particular emphasis on sub-Saharan
Africa, where the spread of electricity coverage is particularly challenging (Chaurey
et al., 2004; Onyeji et al., 2012).
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In the case of developing countries, the access to electricity is rather an issue of
infrastructural development, not the household choice. Therefore, in our research
the theoretical framework of access to electricity is based on the concepts of energy
inequality or energy poverty. This concept treats residential access to electricity as a
social phenomenon, rather than pure market lack of supply, and views it in terms of
poverty, exclusion or inequality.

Energy inequality is well represented in existing literature. The concept of ener-
gy poverty and human interaction measured through demographic processes is still
lacking the broad empirical evidence (Pachauri & Spreng, 2003, 2011). On the con-
trary, the effect of demographic change, mostly ageing, on energy consumption in
developed countries is well covered. Issues present in developing countries like rapid
urbanization, change in household size and structure and population growth are lack-
ing research that connects them to consumption or more specific sub-types like en-
ergy consumption. Our aim is to widen existing knowledge on energy poverty from
the demographic perspective. Rapid urbanization in developing countries led to new
issues regarding urban infrastructure, most commonly viewed through inadequate
access to services and slum formation (Ooi & Phua, 2007).

In our research, we focus on two research questions:

1. Are larger households more prone to energy poverty?

2. What is the impact of household type and composition on energy poverty?

In general, energy poverty can be treated as a form of poverty. Existing literature
on various aspects and measurements of poverty deal with household size and house-
hold type or composition as a driver of poverty. However, the results vary by country,
time and methodology.

Some findings suggest that larger households or households with high proportion of
children are positively correlated with poverty (Fusco & Islam, 2020; Meyer & Nishim-
we-Niyimbanira, 2016; Rakodi, 1995; Woolard & Klasen, 2005), especially in develop-
ing countries, and that view has influenced research and policy (Lanjouw & Ravallion,
1995). Also, research is divided on the core root of link between poverty and household
size (whether poverty is the “cause” or the “consequence” of large households).

On the other hand, some studies do not support that view. For instance, when ac-
counted for various other phenomena, such as elasticity, the effect of household size
on poverty vanishes or the results do not provide clear answer (Lanjouw & Ravallion,
1995; Orbeta, 2005).

Data and methods

Since our goal is to study the effect of household size and composition on access to
electricity as a measure of energy poverty, we used a data source that utilizes both
variables. Various data sources and institutions provide information on residential
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access to electricity. For instance, World Bank or International Energy Agency (IEA)
datasets are widely used as a standard for estimates on electricity coverage in devel-
oping countries. They differ in methodology, where World Bank in their Tracking
SDG7 Report uses surveys and IEA in its estimates uses data from national govern-
ments (usually Ministries of Energy). However, those datasets are available only as
aggregates, rather than microdata (individual or household level). On the other hand,
national population censuses included the question on electricity access. We found
census microdata (individual and household level census data) to be a viable data
source for this research. Therefore, we used census microdata from The Integrated
Public Use Microdata Series-International (IPUMS-International) project. IPUMS-I
data consists of integrated and harmonized census microdata that allow cross-tempo-
ral and cross-sectional comparability (Sobek et al., 2011).

Our dataset consists of 228 different samples from 75 non-OECD countries repre-
sented in [IPUMS-I project from the period 1970-2014. Of those, final 69 samples that
represent last available census round were used for models. We used only harmonized
set of variables and used provided person and household weights in our analysis.

We have measured energy poverty as household’s electricity access. Therefore,
our primary variable of interest was variable “ELECTRIC” which indicates whether
the household had access to electricity. Since our aim was to identify the key aspects
of access to electricity regarding urban status and household type we focused only
on private households (for filtering our samples on private households we used vari-
able “GQ” which represents “group quarters” and divides household units on type:
households, group quarters or vacant units) and left out various types of institutional
or grouped living arrangements.

Since access to electricity is a household-level variable, we were limited in study-
ing the effects of individual-level sociodemographic variables on access to electricity
such as age, sex and education. In comparable research on consumption, one could
mitigate this issue by studying single households (Raty & Carlsson-Kanyama, 2009).
In that case, all individual-level variables apply to the household-level and vice versa.
However, this approach has its own caveats and limitations and cannot be considered
as a fully adequate method for understanding the effect of age, sex and education and
other individual-level characteristics on access to services.

Therefore, we limited our research on household level variables. Our focus of in-
terest was set on three original IPUMS-I variables: urban-rural type of settlement in
which household is placed, household size measured by number of household mem-
bers and household type (one-person household, married couple with children, ex-
tended family, non-relative household etc.). Also, we were interested in one derived
variable: proportion of children in household, since that variable proved to be import-
ant in studying general or financial poverty (Lanjouw & Ravallion, 1995).

We used binomial logistic regression models for every country with household’s
access to electricity as a binary dependent variable. Binomial logistic regression pre-
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dicts the probability of an observation getting one of the two possible values (cate-
gories) of the dependent variable. In our case the dependent variable was access to
electricity and its categories were “does not have the access to electricity” and “does
have the access to electricity”. The level of observation was household.

Predictor variables consist of household size, household type and proportion of
children in household. We have begun with simple Model 1 which included only one
predictor variable: household size (number of persons living in household). We have
used the logarithm value of household size. In the Model 2, along with household
size, we added other variables of interest: proportion of children in household and
household type. The modalities of household type variables presented in our dataset
are: “Composite household”, “Extended family, relatives only”, “Married/cohabitat-
ing couple with children”, “Married/cohabitating couple, no children”, “Non-family
household”, “Single-parent family”, “Polygamous family” and reference modality
“One person household”.

Our models were based on last census round available for each non-OECD coun-
try. Finally, we fitted two models on 69 different countries (samples) with a total of
4,685 million observations. For majority of countries, the last available census round
was in 2000s.

Results

Although we included all available non-OECD countries, we will focus our discus-
sion on those countries with lower levels of electricity access and those with pro-
nounced inequalities. As mentioned, some developing countries witnessed rapid
improvements in electrification. Some developing countries are even witnessing uni-
versal access to electricity. However, in pooled data, latest available census samples
show that 21,06% of private households still do not have access to electricity.

Following figure shows development of electrification among selected countries
since 1970. Also, it shows the countries and censuses represented in IPUMS-I data-
base. Some countries (Brazil, Indonesia, Mexico, South Africa, Uruguay) are repre-
sented with multiple censuses while some are represented with only one (Armenia,
Belarus, Iran, Iraq, Jordan and others). In majority of countries in which we do have
multiple samples (censuses), we can see improvement between censuses. However,
some countries, like Ethiopia, Guinea, Haiti or Nigeria showed stagnation or decline
in electricity access.
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Figure 1: Share of households with access to electricity - all available samples since
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Urbanization played a significant role in improvement of living conditions and
increasing GDP. The same is true for reducing energy poverty. With the exception
of few samples, like Kyrgyz Republic, where electricity access is virtually universal,
there is a significant difference between electricity access in rural and urban areas.
As expected, urban areas had higher share of households with the access to electrici-
ty, no matter the general rate of electrification in countries. The following is illustrat-
ed in Figure 2. where the x-axis represents the share of households having access to
electricity in a country for rural and urban settlements.
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Figure 2: Household-weighted mean access to electricity - rural vs. urban
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To address our research questions, we formed 2 models, fitted to each sample. The
preliminary results are given in Table 1. in Appendix.

In all models, dependent variable was access to electricity as a binary variable.
All variables were household-level variables.

Model 1 used logarithm value of household size as an independent variable. In
majority of countries, it was a significant variable, however with no clear conclu-
sion on sign of the effect. Many countries showed negative effect, yet many of them
showed positive effect. However, when we took country aggregate level electrifica-



68 Marin Strmota, KreSimir Ivanda

tion, a pattern emerged: there is a negative effect of household size on access to
electricity in countries with low aggregate electrification rates (virtually majority of
Sub-Saharan Africa samples). Different effects of rural population size, density and
other variables between Sub-Saharan Africa (SSA) and other developing countries
has been found (Onyeji et al., 2012), which goes in line with our descriptive pattern
of SSA countries. In countries with high or near-universal electrification rates, the
relationship between household size and access to electricity is mixed. The following
is illustrated in Figure 3.

Figure 3: Odds ratio and country aggregate electrification rate
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Model 2 combines remaining variables. Addition of new variables on household
type or composition alleviates the power of household size and explains the effect
through composition. As seen in comparable research, we used proportion of chil-
dren as a measure of household composition. In that context, proportion of children
proved to be a good predictor of energy poverty with unanimously negative effect
among our samples. Following that finding, we expected to show that household type
also gives an additional explanation of that effect, yet the results are mixed. There is
no clear conclusion on impact of household type on access to electricity (model 2).
Full model results are presented in Appendix. We need more evidence on how (or
whether) household type impacts energy poverty.

Limitations

In our research we recognize some methodological and practical limitations. First,
we assume that access to electricity is economic good (product or service that has
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utility) and apply basic economic rationale. From an economic view, we studied the
effect of consumer’s characteristics on the demand side for this product. However,
electricity is remarkably affected with its supply side — electricity infrastructure. For
example, when certain household does express high demand for electricity access and
does have means to fund it, it cannot achieve that access without local electric infra-
structure. That is especially true for period analyzed in this paper (mainly early 2000
and 2010 census rounds) when self-contained residential energy solutions (e.g. solar
panels) were not widely available and affordable, especially in developing countries.
In this paper, we focused on demand side, yet supply side of electricity is extremely
important in understanding residential electricity access, especially in rural areas.

Second, we studied electricity access as a binary variable as it is presented in our
data source. Huge body of literature does the same as well as policy papers and nation-
al energy policy strategies. In addition to the access to electricity itself, it is extremely
important to take into account the quality of energy supply. We have treated households
without access to electricity as energy-poor households, but in the real world, the qual-
ity of energy supply is equally important. For instance, hours-long power outages or
interruptions are daily events in numerous parts of the world. Namely, the frequency
and prevalence of power outages are such that they significantly reduce the levels of
economic activity, growth and everyday life in many developing countries (Andersen
& Dalgaard, 2013; Cole et al., 2018). Our data source does not reflect the quality of
electricity access and therefore we do not address for this issue.

Lastly, we stress out that this analysis should be taken with caution regarding the
temporal aspect since improvements in electrification in recent decades had a rapid
pace in some parts of the world. This is best illustrated through impressive improve-
ment in Latin America. Latest data shows that just a few countries in Latin America
do not have universal access to electricity (World Bank, 2021). However, our results
on energy inequality based on household characteristics magnify the necessity for
research on demographic aspects of ongoing and future energy policies.

Conclusion

This research started with a demographic background and data source but dealt with
economic aspects of energy poverty and energy exclusion, a combination limited in
literature. Given the rise in importance and recognition of demographic aspects of
various economic phenomena, we expect that similar studies will be conducted in
near future, widening the knowledge of this important and applicable field of re-
search. We believe that census microdata, and specially IPUMS dataset is a valuable
and useful source of data for this issue. Our results suggest that findings for general
or financial poverty apply to energy poverty, as measured by electricity access. Al-
though results on household size were mixed based on sample (country), they are rel-
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atively consistent for countries with lowest levels of electrification and show negative
impact of household size on electricity access. The same is shown for proportion of
children in household, however, with clear results across samples. We showed that
uniform pattern does not exist among developing countries. General level of electri-
fication could be the major “macro” variable that makes difference among countries,
yet we need more proof for this. Geographical location and related developmental
similarities point out specifics of Sub-Saharan Africa, as shown in our, and some
other studies on this topic. Further research is recommended, especially in light of
continuous population growth in countries with already weak electric coverage. We
also recommend supply-side studies and orientation not only on access but also on
the quality of the electricity network.
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