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Abstract

This paper proposes a novel and time-comparable Multidimensional Energy Poverty Index
(MEPI) for Mexico, spanning the period from 2016 to 2024. Utilizing the Alkire-Foster
(AF) methodology and data from the National Household Income and Expenditure Survey
(ENIGH). The study develops a dimensionally-flexible framework that incorporates eight
empirical dimensions: electricity access, water heating, communication, entertainment, re-
frigeration, cooking, thermal comfort, and energy affordability. A key contribution is the
integration of an affordability dimension and a climate-sensitive thermal comfort metric that
accounts for heterogeneous needs across warm, cold, and temperate municipalities. The re-
sults reveal a significant monotonic reduction in energy poverty, with the adjusted headcount
ratio (Mp) falling from 7.098% in 2016 to 4.847% in 2024—a 31.7% relative decrease. During
this period, approximately 6.1 million people escaped energy poverty. The most substantial
improvements were observed in the affordability dimension, consistent with recent real-wage
increases in Mexico. While overall incidence (H) and intensity (A) of poverty declined,
the findings highlight persistent challenges: we identify and report substantial asymmetric

energy poverty outcomes across sociodemographic groups, income levels and states.
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1 Introduction and Literature Review

As of 2025, 730 million people live without access to electricity, and around 2 billion people
rely on cooking methods that are detrimental to human health (IEA, 2025). This implies that
one quarter of the world population lies within the broad threshold of what could be considered
energy poverty (Ritchie et al., 2019). For Reddy (2000, p. 44), energy poverty is defined as:
“the absence of sufficient choice in accessing adequate, affordable, reliable, high-quality, safe
and environmentally benign energy services to support economic and human development”."

Energy poverty has been proven to be a serious obstacle in the implementation of sustainable
development and poverty reduction policies, particularly in the context of UN’s millennium
development goals (MDG’s) (UN, 2015) and sustainable development goals (SDG’s) (UN, 2025)
(Groh, 2014; Jannuzzi & Goldemberg, 2012; Liu et al., 2022; McCollum et al., 2018; Modi et
al., 2005; Pachauri et al., 2012; Santika et al., 2019). Furthermore, it has been observed that
energy poverty has negative impacts on health, education, social mobility and economic growth
(Gonzalez-Eguino, 2015; Hernandez-Cortes et al., 2025; Nadimi & Tokimatsu, 2018; Nadimi
et al., 2017). Precise estimations of energy poverty are essential in the articulation of evidence-
based public policy destined towards improving access to modern energy services, and hence,
reducing energy poverty (Nussbaumer et al., 2012; Pelz et al., 2018).

The characterization presented by Reddy (2000) gravitates closely around Sen’s capability
approach (see Sen 2000b; Sen 2000a; and Sen 2011). From this perspective, development has

'Bazilian et al. (2010), Bouzarovski and Petrova (2015) and Day et al. (2016) present overviews of the various

definitions and measures of energy poverty.



to do with non-exclusion from accessing a set of options related to the realization of welfare
(Gonzélez-Eguino, 2015). Capabilities represent the “various combinations of functionings...
that the person can achieve” (Sen, 1995, p. 40). In this framework functionings are the beings
and doings that people value: let them be healthcare, education, nourishment, community
engagement, etc (Sen, 2011).

This approach has been fundamental in the “reconsideration of the concepts of poverty”
(Jenkins & Micklewright, 2007, p. 9) that, within economics, occurred in the space of utility
maximization (Alkire, 2015, p. 5). Poverty in the space of capabilities is naturally multidimen-
sional: “it is concerned with a plurality of different features of our lives and concerns” (Sen,
2011, p. 233). It is in this context that poverty measurement efforts started to evolve towards
a multidimensional approach, now commonly known as the Alkire-Foster (AF) method (Alkire
& Foster, 2011; Alkire & Santos, 2010). For our purposes, energy poverty can be understood
as “only one dimension of deprivation and insufficient well-being” (Pelz et al., 2018, p. 1), i.e.,
another dimension of poverty.

In Mexico, was the recent fall in multidimensional poverty? accompanied by a fall in energy
poverty? Between 2018 and 2024 the share of the Mexican population in multidimensional
poverty fell from 41.9% to 29.6%, that implies a net difference of 13.4 million people (INEGI,
2025d). Moreover, between 2018 and 2024 the the federal minimum wage increased, in real
terms, by 116.4pp, accounting for 49.2% of the total reduction in poverty (Munguia Corella &
Gémez Lovera, 2025, p. 7).3

These recent events compel us to identify and include an affordability dimension into previ-
ous multidimensional energy poverty (MEP) measures estimated for Mexico (e.g., Garcia-Ochoa
and Graizbord Ed 2016; Garcia-Ochoa et al. 2016; Santillan et al. 2020; Robles-Bonilla and
Cedano 2021; Cedano et al. 2021; Soriano-Herndndez et al. 2022; Jiménez Torres et al. 2026;
and Canto-Franco et al. 2026). Within a country, as average household income rises, according
to the “energy ladder” theory (Van Der Kroon et al., 2013; Waweru et al., 2022), there is a sub-
stitution process between traditional (biomass sources, primarily) non-monetary commercialized
and modern (oil, gas, electricity) monetary commercialized fuel sources.

We can see this trend in Panels (a) and (b) presented of Figure 1. The former shows a na-

2For CONEVAL (2019b), an individual is considered to be multidimensionally poor if: (i) his total current
income per capita (ICTPC, by its acronym in spanish) falls bellow a predefined welfare-income line (with a rural-
urban distinction); (#) and possesses one or more social deprivations: education, healthcare, social security, basic

services, housing quality and food security.
3This increase in the minimum wage is reported utilizing the weighted average methodology in line with by

CONASAMI (2023).



tionwide distributional shift, apparently symmetrical (with a constant standard deviation), the
latter shows a multi-modal distribution where it is visually evident that the share of the popula-
tion within the bottom 20% of the distribution with an energy expenditures above the national
average increased dramatically from 2016 to 2024. We argue that the topic of affordability is
then essential for the analysis of energy poverty in Mexican context.

The first systematic measurements of energy poverty date back to the 1980’s in western
Europe (particularly in the United Kingdom). These works where distinctively concerned with
the dimension of fuel poverty (heating fuel) (Day et al., 2016; K. Li et al., 2014; Primc et al.,
2021; Sovacool, 2015). These early studies emphasized the affordability aspect of energy services
(see Bradshaw and Hutton 1983; Krugmann and Goldemberg 1983; Leach 1987; Goldemberg
and Johansson 1995; and Boardman 1991).* In these approaches households are identified as
poor if they spend more than a certain share of their income on fuel services or if that income
falls below an specific consumption-based energy poverty line (see Thomson, Bouzarovski, and
Snell 2017; Thomson, Snell, and Bouzarovski 2017; Awaworyi Churchill and Smyth 2020; and
Awaworyi Churchill et al. 2020).

The limitations of this approach eventually fostered the development of the “low income
high cost” approach (Hills, 2011, 2012), where a household is identified as poor if their income
fails to be above the poverty line after deducting energy expenditures. These unidimensional
consumption based measures are, nevertheless, not entirely appropriate and applicable to the
realities of developing countries (K. Li et al., 2014; Rafi et al., 2021; Sy & Mokaddem, 2022):
problems related to preferences, the availability and reliability of electricity, as well as the
fact that vulnerabilities related to the inaccessibility of energy services might be spread across
income groups serve as arguments (and limitations) against universal all encompassing energy
poverty measures (Akpalu et al., 2011; Barnes et al., 2010, 2011; Hiemstra-van Der Horst &
Hovorka, 2008; Leach, 1992).

A wide variety of empirical approaches have been put forward in order to monitor and asses
energy poverty in developing countries, Sy and Mokaddem (2022, p. 6) outlines three big cate-
gories of indicators: (i) unidimensional; (i) dashboard; and (7ii) composite/multidimensional.
Unidimensional measures can be consumption-based, focusing on minimum energy require-
ments, efficiency, etc. This is the so called engineering approach.” Another-already previously

mentioned-set of unidimensional indicators are income based, this is the economic approach.%

1 As noted by Soriano-Herndndez et al. (2022), most of the studies utilizing this methodology are a popular

proxies of energy poverty in the global north (see Balaskas et al. 2021; Tundys et al. 2021; and Das et al. 2022).
®Some examples of this approach are Goldemberg (1990), Johansson (2000), Krugmann and Goldemberg

(1983), Pachauri et al. (2004), Parikh (1978), Reddy (1999), Swan and Ugursal (2009), and Ye and Koch (2021).
See Barnes et al. (2010, 2011), Boardman (1991), Bradshaw and Hutton (1983), Hills (2011, 2012), Khundi-
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Figure 1: Panels of shits in the distribution of income and energy expenditures (2016-2024).
All variables are deflated to August 2024. All means where computed using ENIGH’s stratified
clustered design, with primary sampling units, sample design stratum, and individual expansion
factors. (a) ICTPC kernel distributions. (b) Energy expenditure kernel distributions, bottom
20% of the ICTPC distribution. (c) Shifts in the distribution of income across ICTPC centiles.
(d) Shifts in the distribution of energy expenditures across ICTPC centiles, lines smoothed
with using Locally Estimated Scatterplot Smoothing (LOESS). Own estimations using data
from INEGI (2017, 2019, 2021, 2023a, 2025a).



Dashboard indicators are non-aggregated estimates at the national and/or global level, they
are “based on economic, environmental, social, technical and institutional sustainability” (Sy
& Mokaddem, 2022, p. 8) (see Manning 2009; and Vera and Langlois 2007). These indicators
aim to provide a broad picture of the energy system in place and its progress towards MDG’s
and SDI’s (UN, 2015, 2025).

Finally, composite estimates can be multifaceted, target-based, or binary (Sy & Mokaddem,
2022). Multifaceted outlooks on energy poverty are household based measures characterized by
employing a fuzzy set procedure of identification (rather than a crisp set approach, see Olsen
and Nomura 2009): the elements (households) of a set (the energy poor), rather than just
belonging, or not, to it, have “different degrees of membership” (Alkire, 2015, p. 102).” The
target based approach is “designed to evaluate the progress towards achieving the sustainable
development goals relating to the global energy sector” (Sy & Mokaddem, 2022, p. 11), hence,
the backbone of these measures is the assessment of (on a national-based perspective) access
to modern energy services, energy intensities, and the share of renewable sources in the energy
mix without necessarily just focusing on the residential sector (Primc et al., 2019).8

The multidimensional binary approach of energy poverty belongs to the family of MEPI
estimates first developed by Nussbaumer et al. (2012) under the AF framework (see Alkire
and Santos 2010; Alkire and Foster 2011; and Alkire 2015). These measures have substantially
grown in popularity over the last 15 years, being applied in a multiplicity of socioeconomic
environments across many different countries (Pelz et al., 2018; Sy & Mokaddem, 2022).° In
our view, this is because the family of MEPI indicators have certain attractive features for
researchers: (i) low data requirements (i.e., can be computed with a regular household income-
expenditure survey); (i) high degree of normative customization-flexibility (in weighting and
in deprivation and poverty cutoffs); and (éiz) they hold all of the desirable common properties
familiar to AF indexes (e.g., subgroup decomposability, dimensional breakdowns).

The contribution to the literature of this essay is threefold. Firstly, it proposes an updated,

Mkomba et al. (2021), Leach (1987), and Phoumin and Kimura (2019)
"For examples, consult Bhatia and Angelou (2015), Gupta et al. (2020), Nathan and Hari (2020), Olang et al.

(2018), and Seuret-Jimenez et al. (2020).
8See Banerjee et al. (2021), Bonatz et al. (2019), Che et al. (2021), Khanna et al. (2019), W. Li et al. (2021),

and B. Wang et al. (2017).
9The literature is extensive: Abbas et al. (2020), Bersisa (2017), Bollino and Botti (2017), Canto-Franco

et al. (2026), Cedano et al. (2021), Crentsil et al. (2019), Jayasinghe et al. (2021), Jiménez Torres et al. (2026),
Kryk and Guzowska (2023), Mendoza et al. (2019), Nussbaumer et al. (2013), Ogwumike and Ozughalu (2016),
Okushima (2017), Qurat-ul-Ann and Mirza (2021), Rizal et al. (2024), Robles-Bonilla and Cedano (2021), Sadath
and Acharya (2017), Santilldn et al. (2020), Sokolowski et al. (2020), Ssennono et al. (2021), Tovar Reafios et al.
(2025), and Y. Wang and Bogiang Lin (2022).



novel, time comparable national, subnational and decomposable (through dimensions, popula-
tion subgroups and income brackets) MEPI measure, relevant for analyzing recent trends in
multidimensional poverty, sustainable development and income distribution in Mexico. Sec-
ondly, it develops an axiomatic and analytical presentation of a dimensionally-flexible MEPI
indicator to address heterogeneous needs across subsets of the population. And, finally, it
incorporates (for the first into a national measure): (i) the traditional MEPI dimensions (cook-
ing, lighting, refrigeration, entertainment, communication) (Nussbaumer et al., 2012); (4i) the
nationally relevant dimension of thermal comfort (see Canto-Franco et al. 2026; Cedano et
al. 2021; Jiménez Torres et al. 2026; Robles-Bonilla and Cedano 2021); (i) the water heating
dimension of the Meeting of Absolute Energy Needs method (MAEN) (see Garcia-Ochoa 2014;
Garcia-Ochoa and Graizbord Ed 2016; and Garcia-Ochoa et al. 2016); (iv) and the affordabil-
ity dimension a la Hills (2011, 2012). The structure of the essay is the following: Section 2
introduces the dataset we used and the axiomatic approach a la Alkire (2015) for our proposed
MEPI,; section 3 presents our national, subnational and subgroup estimations for the incidence
(H), the intensity (A) and the adjusted headcount ratio (Mp) of energy poverty; and, finally
Section 4 draws on some conclusions and discusses the potential limitations of the proposed

MEPI.

2 Data and Methodology

2.1 Data

We use the new series (2016-2024, biennially) National Household Income and Expenditure
Survey (ENIGH, by its acronym in spanish), made available by INEGI (2017, 2019, 2021,
2023a, 2025a), that is the Mexican National Institute of Geography and Statistics (INEGI
being its acronym in Spanish): this is a repeated cross-section. As stated by CONEVAL
(2019b), the ENIGH dataset is the only legal and necessary input for the calculation of the
official multidimensional poverty measure made by the Mexican government. We complement
the information provided by the ENIGH new series (see INEGI 2023b) with the multidimensional
poverty datasets (2016-2022) elaborated by the National Council for the Evaluation of Social
Development Policy (CONEVAL, by its acronym in spanish) (CONEVAL, 2023) and by the
2024 dataset now calculated by INEGI (2025c¢).

For the identification of households living in warm, cold or temperate municipalities we spa-
tially joined isoline maps and weather station information (1,494 stations across 1902-2012) of

average, maximum and minumum yearly temperatures (INEGI, 2007, 2023¢) with the geostatis-



tical framework (municipal projections) produced by INEGI (2025b). The information provided
by the weather stations was spatially interpolated into the municipal projections using Inverse
Distance Weighting (IDW) (Cressie, 1993; Gréler et al., 2016; Pebesma, 2004). See the panels

in Figure 2.

2.2 Methods

The following presentation follows directly from Alkire (2015, pp. 24-50). Let X € R’}er
be the achievement matrix. Such that there are n € N with N = {1,2,...,n} individuals
across d € N with D = {1,2,...,d} dimensions. Hence X = {z;;} is the matrix containing as
entries the j-th achievement of the i-th individual Vi = 1,2,...,n and Vj = 1,2,...,d.' Let
2z =(21,22,...,24) € REIH be the deprivation cutoff vector, such that matrix G € {0,1}"*% is the
deprivation matrix where each g;; is defined as:
1if x5 < 25
9ij (wij3 2j) = (1)
0if ;5 > 2z;

If we assume that not all dimensions are relevant for all individuals, then: for each j-th
dimension 3J; C N such that N = U;.lzl Jj. Let A € {1,0}"*4 be the availability matriz, with
each a;; defined as:

lifi e J;
0y )
Oifie Ji=N\J;

In the original Alkire (2015, p. 30) method each dimension j has a relative weight w; > 0 Vj,

thus w = (w1, wa,...,wq) € ]R‘Lr where Z;l:l w; = 1. In our proposed framework, for i-th

individual we have:

d
w; = ( dwlall s ey dwdaul ) € Ri — Zw]‘aij >0WVe (3)
Do Wilij  Dljog Wik =
d
= = Zﬁ)i]’ - gij € [0,1] (4)
j=1

The i-th row of A, is given by a; € {1,0}%, and its defined as the dimension availability
vector of i across all d. Hence, in equation (3), the condition Z;l:l wjai; > 0 Vi means that
a; # 0 Vi (at least one dimension is relevant for each individual 7). Equation (4) defines the

deprivation score of each individual i, where ¢; € [0,1] by construction: Z?Zl w;; = 1 by

ONote that the i-th row x; € R‘i represents the achievements of i across all d Vi, similarly the j-th column

x; € RY represents the achievements of dimension j across all ¢ Vj.
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Figure 2: Temperature Maps. (a) Isoline map (average yearly temperature); (b) Municipality
spatial join; (c) average yearly maximum temperature; (d) average yearly minimum temper-
ature; (e) maximum yearly temperature; (f) minimum yearly temperature. Own elaboration

with data from INEGI (2007, 2023c, 2025b).



(3) and g;; € {0,1} by (1). As stated by the dual-cutoff approach (Alkire, 2015, pp. 148-
156), we define the poverty cutoff k € (0,1] as the determination of the minimum deprivation
score required for an individual to be identified as multidimensionally poor. We can define the
function py : [0,1] — {0, 1}:

life; > k
pr(zi; z) = (5)
Oif¢; < k

This approach encompasses the union and intersection criteria as special cases. Given the
specification of A outlined in equation (2), we have that w; varies across individuals, however
the union and intersection cutoff’s must hold universally across all availability subsets of .
The censored deprivation score is then:

¢ ife >k
ci(k) = ci - pp(zis2) = (6)
0 ife<k

Let ¢ = > | pr(®i; 2) € N denote the number of poor individuals, such that Z = {i € N :
pi(xi; z) = 1} is the set of poor individuals, and let D; = {j : a;; = 1} be the set of dimensions
available to individual . Then, the three identification cutoffs are: (i) k& = min;cy minjep, {w;;}
(union); (#2) k € (minsey minjep,{w;;}, 1) (middle-ground); and (i) k = 1 (intersection). From
here we can define the incidence (H, share of the population in multidimensional poverty),

intensity (A) and the adjusted headcount ratio (M) of poverty:'!

H :% Zpk (zi;2) € [0, 1] (7)
o Z =1¢ ( ) Zi:l ci(k)
A= ¢ = ST e 2) € [0,1] (8)
7-1_ C; k 1 "~
MO:H.A:E.ZZ—lq ():n;ci(k) (9)

For dimensional contributions, note that by (4) and (6) we have that ¢;(k) = Z;l:l Wij - Gij -
pr(xi; z), such that we can write (9) as:

n

1 1 n d .
Mo = — > cilk) = " ;leij 9ij - (i3 2)
=1 j=

=1
d
= My = Z Zwu *Gij - pk Ty 2 Z(Sj (10)
7j=1
IO ‘Lﬂ € (0,1] (11)
J MO ’

11 the empirical application, all estimates are computed using ENIGH’s stratified clustered design, with

ny

primary sampling units, design strata, and individual expansion factors f;. The population share -1 in the

oL . . ~ i fi
subgroup decomposition is replaced by the weighted share 7; = XE:E%
ieN Ji



Where 6; is the dimensional contribution of j to My, hence 6§r) is the relative contribution
of j to My, which implies that Z;l:l (5;7 = 1. Finally, for subgroup decomposition, we have that
if IV is partitioned in L € N mutually exclusive and exhaustive subsets, such that N = UzL: 1V

and if ¢ # j = N;(\N; = 0, with n; = |N;| VI (which implies that ZlL:1 n; =n). Then:
1 1 L n; 1 L n I
l l

Therefore Mél) = H® . A ig the adjusted headcount ratio withi subgroup , and ™ is the
share of the population n within subgroup /. This additive decomposition holds for any partition
(e.g., urban/rural, federal entity, sex, ethnicity, income brackets). Our empirical approximation
for determining dimensions, cutoffs and weights is is summarized in Tables 1 and 2. Note that,

by construction z; =1Vj =1,...,8.

Table 1: Empirical Dimensions, Deprivation Cutoffs, and Weights

j  Dimension Deprivation cutoff z; w;

1 Electricity Access (Ea) Has access to electricity 0.3102
2 Water Heating (Wt) Has gas, electric, or solar water heater or stove 0.1476
3 Communication (Cm) Has access to a cellphone or a landline at home 0.1434
4 Entertainment (Et) Has television, radio, or computer with internet access 0.1229
5 Refrigeration (Rf) Has refrigerator 0.1145
6 Cooking (Ck) Uses gas, electric, or solar stove; chimney required if biomass 0.1005

fuel is used (CONEVAL, 2019b)

7  Affordability” (Af) ICTPC exceeds poverty line after subtracting energy expen-  0.0312
ditures (Hills, 2011, 2012)

8 Thermal Comfort™ (Tc) Hot climate: air conditioning or >1 fan per 2 members 0.0293
(Garcia-Ochoa & Graizbord Ed, 2016); Cold climate: heat-

ing system

Notes: Weights w; are estimated via Multiple Correspondence Analysis (MCA) on the pooled 2016-2024 cross-sections
(Asselin & Anh, 2008; Dhongde & Haveman, 2017; Noglo, 2017): this avoids violating the AF properties of monotonicity
and subgroup consistency (as noted by Dutta et al. 2021). * Following INEGI (2023b) expenditure codes, the goods and
services taken into account are: electricity, natural gas, oil, diesel, stationary and non-stationary LP gas, liquid fuels,
coal-charcoal, wood-based fuels, candles, and “other biomass fuels”. ™ Indoor climate applies only in hot (>30°C) or
cold (< 10°C) municipalities (as in Cedano et al. 2021; and Robles-Bonilla and Cedano 2021), weights are re-normalized
over the remaining 7 dimensions in temperate zones (10-30°C) via the availability matrix A (equation 2). Source: table
adapted from Garcia-Ochoa and Graizbord Ed (2016) and Nussbaumer et al. (2012) using microdata from INEGI (2017,
2019, 2021, 2023a, 2025a).

10



Table 2: Empirical Construction of the Achievement Matrix X

d; ENIGH Variables Tij

Ea ea€{l,..,5} zi1 = 1(ea < 4)

Wt sh,ghe€{0,1}; st e N xio=1(sh=1Vgh=1Vst>1)
Cm cl,tl €{0,1} zi3=1cl=1Vvil=1)

Et  tv,rd,cm € N;ic € {0,1} iy =1[tv > 1V rd > 1V (em > Nic = 1)]
Rf freN x5 = 1(fr > 1)

Ck fue{l,..,7};ch € {0,1} xie = 1lem > 3V (em < 3 Ach =1)]
Af  dct,ee,hs® € Ry ru € {0,1} Tiv = 1(% > lrw)

Lac=1Vv > Lyifwt=1
Tc  ac,ht € {0,1}; wt € {1,2,3} hs, fneN Tig =
1(ht = 1) if wt = 3

Notes: Where 1(-) is the indicator function. ea =electricity access (1=private, 2=public, 3=solar, 4=other, 5=no access);
sh =solar heating; gh =gas heating; st =number of stoves; ¢l =cellphone; tllandline telephone; tv =number of televisions;
rd =number of radios; cm =number of computers; ic =internet access; fr =number of refrigerators; fu=type of fuel in
use (1=wood, 2=coal, 3=gas by tank, 4=gas by pipe, 5=electricity, 6=other, 7=household doesn’t cook); ch =chimney;
ict =total current income; ee =sum of energy expenditures; hs® =scaled household size (see CONEVAL 2019b); ru =rural
household; ac =air conditioning; ht =heating; wt =type of weather (1=hot, 2=temperate, 3=cold); hs =household size;

fn =number of fans. Source: Own elaboration using microdata from INEGI (2017, 2019, 2021, 2023a, 2025a).

3 Results

Our results reveal a significant, however asymmetric, reduction in the incidence and intensity of
energy poverty and its dimensional components. According to the estimated MEPI (see Table 3
and A1) we can obverse that the share of the population living in energy poverty (H) fell from
26.13% (31.5 million people) in 2016 to 19.51% (25.3 million people) in 2024: this is a reduction
of 6.6pp. According to our proposed measure 6.1 million people escaped energy poverty between
2016 and 2024. The average intensity of poverty (A) also decreased, albeit modestly, with a
2.31pp reduction: those remaining in poverty still face a dense cluster of deprivations (those
remaining in poverty experience on average 24.9% of all weighted deprivations).

Also between 2016-2024, we can report a reduction in incidence through all dimensions but
one: entertainment (which grew by 1.67pp). In relative terms, the biggest improvements where

made in the following dimensions: affordability (—18.09pp), thermal comfort (—11.16pp) and

11



Table 3: Multidimensional Energy Poverty Index: National Estimates (means-shares, %), 2016—
2024

2016 2018 2020 2022 2024 A (pp)

MEP Index components

H* 26.129 25.975 22.566 22.399 19.505 —6.625
A™ 27.165 27.215 25.882 25574 24.851 —2.314
My™ 7.098 7.069 5.841 5728 4.847 —2.251

Dimensional deprivation rates

Ea 0.409 0395 0.222 0321 0.242 —0.166
Wt 9.741  9.753 8486 8490 7.342  —2.399
Et 3.918 4913 4,510 6.112 5593  +1.676
Cm 9.196  7.879 4904 3.887 2582 —6.614
Rf 13.758 13.159 11.003 10.274 9.209  —4.549
Ck 11.635 12,589 11.697 11.311 9.698  —1.936
Af 55.430 56.378 55.216 45.845 37.333 —18.098
Te 61.746 61.259 57.850 55.828 50.577 —11.169

Note: All estimates computed using ENIGH’s stratified clustered design with individual expansion factors (INEGI,
2023b). A (2016-2024) expressed in percentage points (pp). © The poverty cutoff is set at k = 0.15. ** Share (%) of
deprivations experienced by the poor. ** Share (%) of all possible deprivations experienced by the population through the
poor. Source: Own estimations using data from INEGI (2017, 2019, 2021, 2023a, 2025a).

communication (-6.61pp). In totals, the picture changes slightly, the largest improvemenst where
made in: affordability (—18.3 million), communication (—7.7 million) and refrigeration (—4.6
million). The large improvements made in the affordability dimension are consistent with the
literature on the recent trends in wages and multidimensional poverty in Mexico (see Campos-
Vazquez and Rodas Milian 2020; Campos-Vazquez and Esquivel 2021; Campos-Vazquez and
Esquivel 2023; Munguia Corella and Gémez Lovera 2023; and Munguia Corella and Goémez
Lovera 2025).

With respect to My—see Table A2—we observe that the adjusted headcount ratio decreases
monotonically (even with the COVID-19 pandemic shock) from 7.098% (2016) to 4.847% (2024).
This represents a substantial 31.7% relative reduction in the breadth and depth of energy poverty
over the eight-year period. This is a generalized reduction in censored deprivations across most
dimensions, as seen in the decline of their absolute contributions ¢;. However, note that this
improvement is not neutral: there is a clear reconfiguration of its internal structure. Relative

contractions in (5J(»T) are noticed in communication (—11.19pp), affordability (—1.38), refrig-
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eration (—0.49pp), electricity access (—0.28pp), and thermal confort (—0.14pp). Expansions
are detected in entertainment (+7.57pp), cooking (+3.725) and water heating (+2.16pp): this

trends are observable in Figure 3.

100
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25
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Figure 3: Dimensional contributions to My (2016-2024). Own elaboration with data from INEGI
(2007, 2017, 2019, 2021, 2023a, 2025a, 2025b).

The disaggregated data by sociodemographic subgroups compiled in Table 4 stresses the
structural character of vulnerabilities in Mexico (see CONEVAL 2019a, for example). As of
2024, rural, indigenous, poor, children and uneducated individuals continue to endure, dis-
proportional rates of MEP: with gaps (and factors) amounting to 36.47pp (x4.16), 56.85pp
(x4.62), 29.11pp (x3.67), 4.73pp (x1.26) and 23.69pp (%x2.57) accordingly. Note that the
indigenous/non-indigenous MEP gap is the only one that increased across our period of study
(+2.04pp). The most notable convergence was in the elderly/non-elderly gap, which nearly
closed: from 2.07pp in 2016 to 0.34pp in 2024. Across the income distribution (ICTPC cen-
tiles), as expected, we can observe an steady quasi-monotonically decreasing trend regarding
H and A, as income increases. Moreover, we observe a positive correlation between AH and
ICTPC centiles: higher incomes imply slower reductions in H, which implies—although at this

stage only visual-a convergence process in energy poverty levels across income levels (see the

panels of Figure Al).
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The observed spatial distribution of energy poverty (as a proxy of general vulnerabilities)
goes in line with previous findings, both in multidimensional poverty (CONEVAL, 2019a; IN-
EGI, 2025d) and energy poverty (Garcia-Ochoa et al., 2016; Jiménez Torres et al., 2026):
regional disparities are outstanding. These results are presented in the panels of Figure 4.
The southeastern states of Mexico (Campeche, Chiapas, Guerrero, Oaxaca, Tabasco, Quintana
Roo, Yucatén) display higher rates of MEP incidence (H) and intensity (A). Lower average
per capita incomes in comparison to other parts of the country are also visible in this region,
especially with comparison to northern states (e.g., Coahuila, Durango, Nuevo Leén, Sonora,
Tamaulipas). Nonetheless, MEP incidence is decreasing across the country with one exception:
the northern state of Durango. Shifts in A across Mexican states follow a similar trend: the
average share of deprivations experienced by the poor is decreasing, with the exception of Chi-
huahua and, again, Durango. Finally, in panel (f) we believe that there is an open question

regarding income convergence and its role in reducing MEP.

Table 4: Multidimensional Energy Poverty Incidence (H) and Intensity (A) by Sociodemo-
graphic Subgroup (means-share, %), 2016 and 2024

H A A (pp)
Category Subgroup 2016 2024 2016 2024 H A
Rural Urban 16.833 11.531 22.348 20.427 —5.301 —1.921
ura

Rural 57.173 48.008 31.666 28.567 —9.165 —3.099

Non-indigenous 22.622 15.698 24.472 21.454 —-6.924 —-3.018
Indigenous

Indigenous 77.433 72.556 38.383 35.234 —4.876 —3.150

Non-poor 11.992  10.909 20.120 18.889 —1.083 —1.231
Poverty

Poor 44.712 40.014 29.488 28.656 —4.698 —0.832

Adults 24.391 18.191 26.526 24.118 —6.200 —2.408
Children

Children 29.669 22.925 27.919 26.229 —6.744 —1.690

Non-elderly 25.967 19.469 26.895 24.724 —6.498 —2.171
Elderly

Elderly 28.036 19.809 28.706 25.510 —8.227 —3.195

No educ. lag 21.400 15.091 25.277 22.897 —6.310 —2.379
Educ. lag

Educ. lag 47.009 38.790 30.605 28.052 —8.219 —2.553

Note: All estimates computed using ENIGH’s stratified clustered design with individual expansion factors (INEGI,
2023b). Children = individuals aged < 17. Elderly = individuals aged > 65. Indigenous = Indigenous language speaker.
Poverty = CONEVAL (2019b) multidimensional poverty classification. Educ. lag = household with educational (see
CONEVAL 2019b). Source: Own estimations using data from INEGI (2017, 2019, 2021, 2023a, 2025a).
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Figure 4: MEPI and income Maps. (a) Incidence (H), 2024; (b) Intensity (A), 2024; (c) ICTPC,
2024; (d) AH, in percentage points (2016-2024); (e) AA (2016-2024); (f) Real growth rate of the
ICTPC, (2016-2024, prices deflated to August 2024). Own elaboration with data from INEGI
(2007, 2017, 2019, 2021, 2023a, 2025a, 2025b).
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4 Conclusion-Discussion

Our MEPI measure suggests that energy poverty in Mexico is in retreat (Tables 3 and Al). In
this process we perceive shifts in the dimensional composition of MEP (Figure 3 Table A2) and
structural and persistent socioeconomic and spatial inequalities (see Table 4, and Figures 4 and
A1). To conclude, we believe that the present work needs further improvement and discussion
in the following areas: (i) robustness tests with varying weighting approximations (exogenous
and endogenous alike, see Dutta et al. 2021) and with contrasting poverty cutoffs (Chan &
Wong, 2025); (ii) further work in formalizing our analytical proposal (i.e., mathematically
prove that our MEPI holds the AF properties of symmetry, monotonicity; transfer, subgroup
decomposability, etc); (4ii) additional analysis regarding the positive trends the incidence of
entertainment deprivation; and (iv) a critical assessment of the limitations attached to the

conclusions that the researcher can derive from MEPI estimates.

Declaration of Artificial Intelligence (AI) use

Claude (Sonnet 4.6) was extensively used for debugging and optimizing R scripts.
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Figure A1: ICTPC centiles (2016-2024). All variables are deflated to August 2024. All variables
are deflated to August 2024. All means where computed using ENIGH’s stratified clustered
design, with primary sampling units, sample design stratum, and individual expansion factors.
(a) H; (b) A; (¢) AH; (d) ICTPC growth rate. Ordinary Least Squares where used for the
tendency lines (blue+dashed) in plots (c¢) and (d), shading=SE’s. Own estimations using data
from INEGI (2017, 2019, 2021, 2023a, 2025a).
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Table Al: Multidimensional Energy Poverty Index: National Estimates (totals, millions of

people), 2016-2024

2016 2018 2020 2022 2024 A

MEP

H 31.549 32.153 28.578 28.858 25.385 —6.164
Dimensional deprivation

Ea 0.494 0.489 0.281 0.413 0.316 —0.17

Wt 11.762 12.072 10.747 10.938 9.557  —2.205

Et 4.730  6.082 5712 7874 7.280  +2.550

Cm 11.103  9.753  6.210  5.008  3.361  —7.742

Rf 16.611 16.289 13.935 13.236 11.986 —4.625

Ck 14.048 15.584 14.813 14.572 12.622 —1.426

Af 66.928 69.787 69.927 59.064 48.592 —18.336

Tc 15.466 16.249 16.263 15.909 13.504 —1.962

Note: All estimates computed using ENIGH’s stratified clustered design with individual expansion factors (INEGI,

2023b). Source: Own estimations using data from INEGI (2017, 2019, 2021, 2023a, 2025a).

Table A2: Dimensional Contributions to M, (absolute and relative shares), 2016-2024

2016 2018 2020 2022 2024
d; YRR ) R A S Y S A A

Ea 0.130 1.826 0.126 1.776 0.070 1.205 0.102 1777 0.075 1.540
Wt 1469 20702 1471 20803 1279 21.899 1.281 22.354 1.109 22.869
Cm 1.350 19.014 1156 16.356 0.719 12319 0570 9.951 0379 7.815
Et 0493 6.947 0618 8735 0.567 9.701 0.768 13.404 0.703 14.511
Rf 1.613 22727 1542 21.806 1288 22.059 1204 21.014 1.080 22.278
Ck 1192 16789 1289 18.237 1.197 20496 1.158 20.220 0.994 20.514
Af 0.683 9.625 0.688 9.739 0.560 9.580 0.499 8708 0.400 8.244
Tc 0.168 2.370 0.180 2549 0.160 2.742 0.147 2572 0108 2.229
Total 7.098 100 7.069 100 5841 100 5728 100  4.847 100

Notes: All estimates computed using ENIGH’s stratified clustered design with individual expansion factors (INEGI,

2023b). §; denotes the censored dimensional contribution, and 6§T) its percentage contribution to total My, see equation

(10) and (11). Source: Own estimations using data from INEGI (2017, 2019, 2021, 2023a, 2025a).

18



References

Abbas, K., Li, S., Xu, D., Baz, K., & Rakhmetova, A. (2020). Do socioeconomic factors deter-
mine household multidimensional energy poverty? Empirical evidence from South Asia.
Energy Policy, 146, 111754. https://doi.org/10.1016/j.enpol.2020.111754

Akpalu, W., Dasmani, I., & Aglobitse, P. B. (2011). Demand for cooking fuels in a developing
country: To what extent do taste and preferences matter? Energy Policy, 39(10), 6525—
6531. https://doi.org/10.1016/j.enpol.2011.07.054

Alkire, S. (2015). Multidimensional Poverty Measurement and Analysis. Oxford University
Press, Incorporated.

Alkire, S., & Foster, J. (2011). Counting and multidimensional poverty measurement. Journal
of Public Economics, 95(7-8), 476-487. https://doi.org/10.1016/j.jpubeco.2010.11.006

Alkire, S., & Santos, M. E. (2010). Acute multidimensional poverty: A new index for developing
countries. Oxford Poverty & Human Development Initiative.

Asselin, L.-M., & Anh, V. T. (2008). Multidimensional Poverty and Multiple Correspondence
Analysis. In N. Kakwani & J. Silber (Eds.), Quantitative Approaches to Multidimen-
sional Poverty Measurement (pp. 80-103). Palgrave Macmillan UK. https://doi.org/10.
1057/9780230582354_5

Awaworyi Churchill, S., & Smyth, R. (2020). Ethnic diversity, energy poverty and the mediating
role of trust: Evidence from household panel data for Australia. Energy Economics, 86,
104663. https://doi.org/10.1016/j.eneco.2020.104663

Awaworyi Churchill, S., Smyth, R., & Farrell, L. (2020). Fuel poverty and subjective wellbeing.
Energy Economics, 86, 104650. https://doi.org/10.1016/j.eneco.2019.104650

Balaskas, A., Papada, L., Katsoulakos, N., Damigos, D., & Kaliampakos, D. (2021). Energy
poverty in the mountainous town of Metsovo, Greece. Journal of Mountain Science,
18(9), 2240-2254. https://doi.org/10.1007 /s11629-020-6436- 1

Banerjee, R., Mishra, V., & Maruta, A. A. (2021). Energy poverty, health and education out-
comes: Evidence from the developing world. Energy Economics, 101, 105447. https:
//doi.org/10.1016/j.eneco.2021.105447

Barnes, D. F., Khandker, S. R., & Samad, H. A. (2010, November). Energy poverty in rural and
urban India: Are the energy poor also income poor? World Bank. https://doi.org/10.
1596/1813-9450-5463

Barnes, D. F., Khandker, S. R., & Samad, H. A. (2011). Energy poverty in rural Bangladesh.
Energy Policy, 39(2), 894-904. https://doi.org/10.1016/j.enpol.2010.11.014

19


https://doi.org/10.1016/j.enpol.2020.111754
https://doi.org/10.1016/j.enpol.2011.07.054
https://doi.org/10.1016/j.jpubeco.2010.11.006
https://doi.org/10.1057/9780230582354_5
https://doi.org/10.1057/9780230582354_5
https://doi.org/10.1016/j.eneco.2020.104663
https://doi.org/10.1016/j.eneco.2019.104650
https://doi.org/10.1007/s11629-020-6436-1
https://doi.org/10.1016/j.eneco.2021.105447
https://doi.org/10.1016/j.eneco.2021.105447
https://doi.org/10.1596/1813-9450-5463
https://doi.org/10.1596/1813-9450-5463
https://doi.org/10.1016/j.enpol.2010.11.014

Bazilian, M., Nussbaumer, P., Cabraal, A., Centurelli, R., Detchon, R., Gielen, D., Rogner,
H.-H., Howells, M., McMahon, H., Modi, V., & Nakicenovic, N. (2010). Measuring energy
access: Supporting a global target. Retrieved March 30, 2026, from http://en.openei.
org/wiki/Measuring_Energy_Access:_Supporting_a_Global_Target

Bersisa, M. (2017). Multidimensional measure of household energy poverty and its determinants
in Ethiopia [Num Pages: 26]. In Economic Transformation for Poverty Reduction in
Africa. Routledge.

Bhatia, M., & Angelou, N. (2015, July). Beyond Connections. World Bank, Washington, DC.
https://doi.org/10.1596 /24368

Boardman, B. (1991). Fuel Poverty: From Cold Homes to Affordable Warmth [Google-Books-1D:
HwYtAAAAMAAJ]. Belhaven Press.

Bollino, C. A., & Botti, F. (2017). Energy Poverty in Europe: A Multidimensional Approach
[Artwork Size: 473-507 Paginazione]. PSL Quarterly Review, V. 70, 473-507 Paginazione.
https://doi.org/10.13133/2037-3643_70.283_4

Bonatz, N., Guo, R., Wu, W., & Liu, L. (2019). A comparative study of the interlinkages between
energy poverty and low carbon development in China and Germany by developing an
energy poverty index. Energy and Buildings, 183, 817-831. https://doi.org/10.1016/j.
enbuild.2018.09.042

Bouzarovski, S., & Petrova, S. (2015). A global perspective on domestic energy deprivation:
Overcoming the energy poverty—fuel poverty binary. Energy Research € Social Science,
10, 31-40. https://doi.org/10.1016/j.erss.2015.06.007

Bradshaw, J., & Hutton, S. (1983). Social policy options and fuel poverty. Journal of Economic
Psychology, 3(3-4), 249-266. https://doi.org/10.1016/0167-4870(83)90005-3

Campos-Vazquez, R. M., & Esquivel, G. (2021). The effect of doubling the minimum wage on
employment and earnings in Mexico. Economics Letters, 209, 110124. https://doi.org/
10.1016/j.econlet.2021.110124

Campos-Vazquez, R. M., & Esquivel, G. (2023). The Effect of the Minimum Wage on Poverty:
Evidence from a Quasi-Experiment in Mexico. Journal of Development Studies, 59(3),
360-380. Retrieved February 6, 2025, from https://ideas.repec.org/ /a/taf/jdevst/
v59y2023i3p360-380.html

Campos-Vézquez, R. M., & Rodas Milidn, J. A. (2020). El efecto faro del salario minimo en la
estructura salarial: Evidencias para México. El Trimestre Economico, 87(345), 51-97.

https://doi.org/10.20430/ete.v87i1345.859

20


http://en.openei.org/wiki/Measuring_Energy_Access:_Supporting_a_Global_Target
http://en.openei.org/wiki/Measuring_Energy_Access:_Supporting_a_Global_Target
https://doi.org/10.1596/24368
https://doi.org/10.13133/2037-3643_70.283_4
https://doi.org/10.1016/j.enbuild.2018.09.042
https://doi.org/10.1016/j.enbuild.2018.09.042
https://doi.org/10.1016/j.erss.2015.06.007
https://doi.org/10.1016/0167-4870(83)90005-3
https://doi.org/10.1016/j.econlet.2021.110124
https://doi.org/10.1016/j.econlet.2021.110124
https://ideas.repec.org//a/taf/jdevst/v59y2023i3p360-380.html
https://ideas.repec.org//a/taf/jdevst/v59y2023i3p360-380.html
https://doi.org/10.20430/ete.v87i345.859

Canto-Franco, O., Mendoza-Vizcaino, J., San-Pedro, L., Brown, A., Cedano, K. G., Sarmiento-
Franco, J., & Escalante Soberanis, M. (2026). Community-based processes of energy
poverty in indigenous communities in Mexico: The case study of Pixyah, Yucatan. Energy
Policy, 210, 115001. https://doi.org/10.1016/j.enpol.2025.115001

Cedano, K. G., Robles-Bonilla, T., Santilldn, O. S., & Martinez, M. (2021). Assessing Energy
Poverty in Urban Regions of Mexico: The Role of Thermal Comfort and Bioclimatic
Context. Sustainability, 13(19), 10646. https://doi.org/10.3390/sul31910646

Chan, S. M., & Wong, H. (2025). Measurement and determinants of multidimensional poverty:
The case of Hong Kong. Journal of Asian Public Policy, 18(3), 611-631. https://doi.
org/10.1080/17516234.2024.2325857

Che, X., Zhu, B., & Wang, P. (2021). Assessing global energy poverty: An integrated approach.
Energy Policy, 149, 112099. https://doi.org/10.1016/j.enpol.2020.112099

CONASAMI. (2023). Salario Minimo Ponderado (Nota Metodoldgica). Secretaria del Trabajo
y Previsién Social. https://www.gob.mx /cms /uploads /attachment / file /805302 /
C_lculo_del_Salario-M_nimo_Ponderado.pdf

CONEVAL. (2019a). La pobreza en la poblacién indigena de México, 2008 - 2018.

CONEVAL. (2019b). Metodologia para la medicion multidimensional de la pobreza en México
(3rd). https://www.coneval.org.mx/Medicion/MP /Paginas/Metodologia.aspx

CONEVAL. (2023). Programas de célculo y bases de datos 2022. Retrieved March 31, 2026,
from https://www.coneval.org.mx/Medicion/MP /Paginas/Programas_BD_2022.aspx

Crentsil, A. O., Asuman, D., & Fenny, A. P. (2019). Assessing the determinants and drivers
of multidimensional energy poverty in Ghana. Energy Policy, 133, 110884. https://doi.
org/10.1016/j.enpol.2019.110884

Cressie, N. A. C. (1993, September). Statistics for Spatial Data (1st ed.). Wiley. https://doi.
org/10.1002/9781119115151

Das, R. R., Martiskainen, M., & Li, G. (2022). Quantifying the prevalence of energy poverty
across Canada: Estimating domestic energy burden using an expenditures approach
[_eprint: https://onlinelibrary.wiley.com/doi/pdf/10.1111/cag.12750]. Canadian Geogra-
pher / Le géographe canadien, 66(3), 416-433. https://doi.org/10.1111/cag.12750

Day, R., Walker, G., & Simcock, N. (2016). Conceptualising energy use and energy poverty
using a capabilities framework. Energy Policy, 93, 255-264. https://doi.org/10.1016/j.
enpol.2016.03.019

Dhongde, S., & Haveman, R. (2017). Multi-Dimensional Deprivation in the U.S. Social Indica-
tors Research, 133(2), 477-500. https://doi.org/10.1007/s11205-016-1379-1

21


https://doi.org/10.1016/j.enpol.2025.115001
https://doi.org/10.3390/su131910646
https://doi.org/10.1080/17516234.2024.2325857
https://doi.org/10.1080/17516234.2024.2325857
https://doi.org/10.1016/j.enpol.2020.112099
https://www.gob.mx/cms/uploads/attachment/file/805302/C_lculo_del_Salario_M_nimo_Ponderado.pdf
https://www.gob.mx/cms/uploads/attachment/file/805302/C_lculo_del_Salario_M_nimo_Ponderado.pdf
https://www.coneval.org.mx/Medicion/MP/Paginas/Metodologia.aspx
https://www.coneval.org.mx/Medicion/MP/Paginas/Programas_BD_2022.aspx
https://doi.org/10.1016/j.enpol.2019.110884
https://doi.org/10.1016/j.enpol.2019.110884
https://doi.org/10.1002/9781119115151
https://doi.org/10.1002/9781119115151
https://doi.org/10.1111/cag.12750
https://doi.org/10.1016/j.enpol.2016.03.019
https://doi.org/10.1016/j.enpol.2016.03.019
https://doi.org/10.1007/s11205-016-1379-1

Dutta, I., Nogales, R., & Yalonetzky, G. (2021). Endogenous weights and multidimensional
poverty: A cautionary tale. Journal of Development FEconomics, 151, 102649. https:
//doi.org/10.1016/j.jdeveco.2021.102649

Garcia-Ochoa, R. (2014). Pobreza Energética en América Latina (tech. rep.). Comisién Econémica
para América Latina.

Garcia-Ochoa, R., Graizbord, B., Garcia-Ochoa, R., & Graizbord, B. (2016). Caracterizacién
espacial de la pobreza energética en México. Un anélisis a escala subnacional. Economia,
sociedad y territorio, 16(51), 289-337. Retrieved March 30, 2026, from http://www.
scielo.org.mx/scielo.php?script=sci_abstract&pid=S1405-84212016000200289& Ing=es&
nrm=iso&tlng=es

Garcia-Ochoa, R., & Graizbord Ed, B. (2016). Privation of energy services in Mexican house-
holds: An alternative measure of energy poverty. Energy Research & Social Science, 18,
36-49. https://doi.org/10.1016/j.erss.2016.04.014

Goldemberg, J., & Johansson, T. B. (1995). Energy as an instrument for socio-economic de-
velopment. Retrieved April 8, 2026, from https://agris.fao.org/search/en/providers/
122621 /records/6471fbe877fd37171a72807d

Goldemberg, J. (1990). One kilowatt per capita. Bulletin of the Atomic Scientists, 46(1), 13—14.
https://doi.org/10.1080,/00963402.1990.11459775

Gonzélez-Eguino, M. (2015). Energy poverty: An overview. Renewable and Sustainable Energy
Reviews, 47, 377-385. https://doi.org/10.1016 /j.rser.2015.03.013

Gréler, B., Pebesma, E., & Heuvelink, G. (2016). Spatio-Temporal Interpolation using gstat.
The R Journal, 8(1), 204. https://doi.org/10.32614/RJ-2016-014

Groh, S. (2014). The role of energy in development processes—The energy poverty penalty:
Case study of Arequipa (Peru). Energy for Sustainable Development, 18, 83-99. https:
//doi.org/10.1016/j.esd.2013.12.002

Gupta, S., Gupta, E., & Sarangi, G. K. (2020). Household Energy Poverty Index for India: An
analysis of inter-state differences. Energy Policy, 144, 111592. https://doi.org/10.1016/
j.enpol.2020.111592

Hernandez-Cortes, D., Lopez-Feldman, A., Pineda Albarran, R., Ramos Flores, M., & Velez
Grajales, R. (2025). Just Energy Transition, Structural Inequities, and Social Mobility:
The Case of Mexico. AFD Research Papers, (377).

Hiemstra-van Der Horst, G., & Hovorka, A. J. (2008). Reassessing the “energy ladder”: House-
hold energy use in Maun, Botswana. Energy Policy, 36(9), 3333-3344. https://doi.org/
10.1016/j.enpol.2008.05.006

22


https://doi.org/10.1016/j.jdeveco.2021.102649
https://doi.org/10.1016/j.jdeveco.2021.102649
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1405-84212016000200289&lng=es&nrm=iso&tlng=es
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1405-84212016000200289&lng=es&nrm=iso&tlng=es
http://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S1405-84212016000200289&lng=es&nrm=iso&tlng=es
https://doi.org/10.1016/j.erss.2016.04.014
https://agris.fao.org/search/en/providers/122621/records/6471fbe877fd37171a72807d
https://agris.fao.org/search/en/providers/122621/records/6471fbe877fd37171a72807d
https://doi.org/10.1080/00963402.1990.11459775
https://doi.org/10.1016/j.rser.2015.03.013
https://doi.org/10.32614/RJ-2016-014
https://doi.org/10.1016/j.esd.2013.12.002
https://doi.org/10.1016/j.esd.2013.12.002
https://doi.org/10.1016/j.enpol.2020.111592
https://doi.org/10.1016/j.enpol.2020.111592
https://doi.org/10.1016/j.enpol.2008.05.006
https://doi.org/10.1016/j.enpol.2008.05.006

Hills, J. (2011). Fuel poverty: The problem and its measurement (CASEreport No. 69) (Num
Pages: 192). Department for Energy and Climate Change. London, UK. Retrieved March
26, 2026, from http://sticerd.lse.ac.uk/case/

Hills, J. (2012). Getting the measure of fuel poverty: Final report of the Fuel Poverty Review
(Report No. 72) (Num Pages: 233). Centre for Analysis of Social Exclusion. London,
UK. Retrieved March 26, 2026, from http://sticerd.lse.ac.uk/case/

IEA. (2025). World Energy Outlook (tech. rep.). International Energy Association (IEA). Paris.

INEGI. (2007). Temperatura media anual. Retrieved April 1, 2026, from https://www.inegi.
org.mx/app/biblioteca/ficha.html?upc=702825267551

INEGI. (2017). Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH) 2016. Retrieved
March 31, 2026, from https://www.inegi.org.mx/programas/enigh/nc/2016/

INEGI. (2019). Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH) 2018. Retrieved
March 31, 2026, from https://www.inegi.org.mx/programas/enigh/nc/2018/

INEGI. (2021). Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH) 2020. Retrieved
March 31, 2026, from https://www.inegi.org.mx/programas/enigh/nc/2020/

INEGI. (2023a). Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH) 2022. Re-
trieved March 31, 2026, from https://www.inegi.org.mx/programas/enigh/nc/2022/

INEGI. (2023b). Encuesta Nacional de Ingresos y Gastos de los Hogares 2022 ENIGH Nueva
serie Disenio conceptual. https: / /www.inegi.org.mx /app/biblioteca /ficha.html?upc=
889463910589

INEGI. (2023c). Indice de Extremos Climéticos. Retrieved April 1, 2026, from https://www.
inegi.org.mx/app/biblioteca/ficha.html?upc=889463860136

INEGI. (2025a). Encuesta Nacional de Ingresos y Gastos de los Hogares (ENIGH) 2024. Re-
trieved March 31, 2026, from https://www.inegi.org.mx/programas/enigh/nc/2024/

INEGI. (2025b). Marco Geoestadistico (2025). Retrieved April 1, 2026, from https://www.
inegi.org.mx/app/biblioteca/ficha.html?upc=794551163061

INEGI. (2025c). Pobreza Multidimensional (PM). Retrieved March 31, 2026, from https://
www.inegi.org.mx/desarrollosocial /pm/

INEGI. (2025d). Presentacion de resultados: Pobreza Multidimensional (tech. rep.). Instituto
Nacional de Geografia y Estadistica.

Jannuzzi, G. D. M., & Goldemberg, J. (2012). Has the situation of the ‘have-nots’ improved?
WIREs Energy and Environment, 1(1), 41-50. https://doi.org/10.1002/wene.20
Jayasinghe, M., Selvanathan, E. A., & Selvanathan, S. (2021). Energy poverty in Sri Lanka.

Energy Economics, 101, 105450. https://doi.org/10.1016/j.eneco.2021.105450

23


http://sticerd.lse.ac.uk/case/
http://sticerd.lse.ac.uk/case/
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825267551
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825267551
https://www.inegi.org.mx/programas/enigh/nc/2016/
https://www.inegi.org.mx/programas/enigh/nc/2018/
https://www.inegi.org.mx/programas/enigh/nc/2020/
https://www.inegi.org.mx/programas/enigh/nc/2022/
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463910589
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463910589
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463860136
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463860136
https://www.inegi.org.mx/programas/enigh/nc/2024/
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=794551163061
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=794551163061
https://www.inegi.org.mx/desarrollosocial/pm/
https://www.inegi.org.mx/desarrollosocial/pm/
https://doi.org/10.1002/wene.20
https://doi.org/10.1016/j.eneco.2021.105450

Jenkins, S. P., & Micklewright, J. (2007). New Directions in the Analysis of Inequality and
Poverty [Number: 71]. Working Papers. Retrieved March 30, 2026, from https://ideas.
repec.org//p/inq/inqwps/ecineq2007-71.html

Jiménez Torres, M., May Tzuc, O., Bienvenido-Huertas, D., Herrera, J. I., Canul Turriza, R. A.,
& Pérez-Fargallo, A. (2026). Assessing vulnerability and energy poverty with empha-
sis on comfort adaptability: A case study of southeastern Mexico. Energy Policy, 213,
115226. https://doi.org/10.1016/j.enpol.2026.115226

Johansson, T. (2000). Basic Needs and Much More With One Kilowatt Per Capita. Retrieved
April 9, 2026, from https://www.academia.edu /18398713 / Basic_Needs_and _Much_
More_With_One_Kilowatt_Per_Capita

Khanna, R. A., Li, Y., Mhaisalkar, S., Kumar, M., & Liang, L. J. (2019). Comprehensive energy
poverty index: Measuring energy poverty and identifying micro-level solutions in South
and Southeast Asia. Energy Policy, 132, 379-391. https://doi.org/10.1016/j.enpol.2019.
05.034

Khundi-Mkomba, F., Saha, A. K., & Wali, U. G. (2021). Examining the state of energy poverty
in Rwanda: An inter-indicator analysis. Heliyon, 7(11). https://doi.org/10.1016/j.
heliyon.2021.e08441

Krugmann, H., & Goldemberg, J. (1983). The energy cost of satisfying basic human needs.
Technological Forecasting and Social Change, 24 (1), 45-60. https://doi.org/10.1016/
0040-1625(83)90062-8

Kryk, B., & Guzowska, M. K. (2023). Assessing the Level of Energy Poverty Using a Synthetic
Multidimensional Energy Poverty Index in EU Countries. Energies, 16(3), 1333. https:
//doi.org/10.3390/en16031333

Leach, G. (1987). Energy and the Urban Poor. IDS Bulletin, 18(1), 31-38. https://doi.org/10.
1111/.1759-5436.1987.mp18001005.x

Leach, G. (1992). The energy transition. Energy Policy, 20(2), 116-123. https://doi.org/10.
1016/0301-4215(92)90105-B

Li, K., Lloyd, B., Liang, X.-J., & Wei, Y.-M. (2014). Energy poor or fuel poor: What are the
differences? Energy Policy, 68, 476-481. https://doi.org/10.1016/j.enpol.2013.11.012

Li, W., Chien, F., Hsu, C.-C., Zhang, Y., Nawaz, M. A., Igbal, S., & Mohsin, M. (2021).
Nexus between energy poverty and energy efficiency: Estimating the long-run dynamics.
Resources Policy, 72, 102063. https://doi.org/10.1016/j.resourpol.2021.102063

Liu, J., Jain, V., Sharma, P., Ali, S. A., Shabbir, M. S., & Ramos-Meza, C. S. (2022). The role

of Sustainable Development Goals to eradicate the multidimensional energy poverty and

24


https://ideas.repec.org//p/inq/inqwps/ecineq2007-71.html
https://ideas.repec.org//p/inq/inqwps/ecineq2007-71.html
https://doi.org/10.1016/j.enpol.2026.115226
https://www.academia.edu/18398713/Basic_Needs_and_Much_More_With_One_Kilowatt_Per_Capita
https://www.academia.edu/18398713/Basic_Needs_and_Much_More_With_One_Kilowatt_Per_Capita
https://doi.org/10.1016/j.enpol.2019.05.034
https://doi.org/10.1016/j.enpol.2019.05.034
https://doi.org/10.1016/j.heliyon.2021.e08441
https://doi.org/10.1016/j.heliyon.2021.e08441
https://doi.org/10.1016/0040-1625(83)90062-8
https://doi.org/10.1016/0040-1625(83)90062-8
https://doi.org/10.3390/en16031333
https://doi.org/10.3390/en16031333
https://doi.org/10.1111/j.1759-5436.1987.mp18001005.x
https://doi.org/10.1111/j.1759-5436.1987.mp18001005.x
https://doi.org/10.1016/0301-4215(92)90105-B
https://doi.org/10.1016/0301-4215(92)90105-B
https://doi.org/10.1016/j.enpol.2013.11.012
https://doi.org/10.1016/j.resourpol.2021.102063

improve social Wellbeing’s. Energy Strategy Reviews, 42, 100885. https://doi.org/10.
1016/j.esr.2022.100885

Manning, R. (2009). Using indicators to encourage development: Lessons from the Millennium
Development Goals. Danish Institute for International Studies.

McCollum, D. L., Echeverri, L. G., Busch, S., Pachauri, S., Parkinson, S., Rogelj, J., Krey, V.,
Minx, J. C., Nilsson, M., Stevance, A.-S., & Riahi, K. (2018). Connecting the sustainable
development goals by their energy inter-linkages. Environmental Research Letters, 13(3),
033006. https://doi.org/10.1088/1748-9326 /aaafe3

Mendoza, C. B., Cayonte, D. D. D., Leabres, M. S., & Manaligod, L. R. A. (2019). Understanding
multidimensional energy poverty in the Philippines. Energy Policy, 133, 110886. https:
//doi.org/10.1016/j.enpol.2019.110886

Modi, V., McDade, S., Lallement, D., & Saghir, J. (2005). Energy Services for the Millen-
nium Development Goals (tech. rep.). The International Bank for Reconstruction and
Development, World Bank, United Nations Development Programme.

Munguia Corella, L. F., & Gémez Lovera, M. A. (2023). El impacto del salario minimo en la
pobreza.

Munguia Corella, L. F., & Gémez Lovera, M. A. (2025). El impacto del salario minimo en la
pobreza durante el periodo 2018-2024 (CONASAMI Working Paper). Comisién Nacional
de Salarios Minimos.

Nadimi, R., & Tokimatsu, K. (2018). Modeling of quality of life in terms of energy and electricity
consumption. Applied Energy, 212, 1282-1294. https://doi.org/10.1016/j.apenergy.2018.
01.006

Nadimi, R., Tokimatsu, K., & Yoshikawa, K. (2017). Sustainable energy policy options in the
presence of quality of life, poverty, and CO2 emission. Energy Procedia, 142, 2959-2964.
https://doi.org/10.1016 /j.egypro.2017.12.314

Nathan, H. S. K., & Hari, L. (2020). Towards a new approach in measuring energy poverty:
Household level analysis of urban India. Energy Policy, 140, 111397. https://doi.org/
10.1016/j.enpol.2020.111397

Noglo, Y. A. (2017). Non-monetary poverty in Togo: A multidimensional approach [-eprint:
https://doi.org/10.1080,/00346764.2016.1219385]. Review of Social Economy, 75(2), 181—
211. https://doi.org/10.1080/00346764.2016.1219385

Nussbaumer, P., Bazilian, M., & Modi, V. (2012). Measuring energy poverty: Focusing on what
matters. Renewable and Sustainable Energy Reviews, 16(1), 231-243. https://doi.org/
10.1016/j.rser.2011.07.150

25


https://doi.org/10.1016/j.esr.2022.100885
https://doi.org/10.1016/j.esr.2022.100885
https://doi.org/10.1088/1748-9326/aaafe3
https://doi.org/10.1016/j.enpol.2019.110886
https://doi.org/10.1016/j.enpol.2019.110886
https://doi.org/10.1016/j.apenergy.2018.01.006
https://doi.org/10.1016/j.apenergy.2018.01.006
https://doi.org/10.1016/j.egypro.2017.12.314
https://doi.org/10.1016/j.enpol.2020.111397
https://doi.org/10.1016/j.enpol.2020.111397
https://doi.org/10.1080/00346764.2016.1219385
https://doi.org/10.1016/j.rser.2011.07.150
https://doi.org/10.1016/j.rser.2011.07.150

Nussbaumer, P.; Nerini, F., Onyeji, 1., & Howells, M. (2013). Global Insights Based on the
Multidimensional Energy Poverty Index (MEPI). Sustainability, 5(5), 2060-2076. https:
//doi.org/10.3390 /su5052060

Ogwumike, F. O., & Ozughalu, U. M. (2016). Analysis of energy poverty and its implications for
sustainable development in Nigeria. Environment and Development Economics, 21(3),
273-290. https://doi.org/10.1017/S1355770X15000236

Okushima, S. (2017). Gauging energy poverty: A multidimensional approach. Energy, 137, 1159—
1166. https://doi.org/10.1016/j.energy.2017.05.137

Olang, T. A., Esteban, M., & Gasparatos, A. (2018). Lighting and cooking fuel choices of
households in Kisumu City, Kenya: A multidimensional energy poverty perspective.
Energy for Sustainable Development, 42, 1-13. https://doi.org/10.1016/j.esd.2017.09.
006

Olsen, W., & Nomura, H. (2009). Poverty reduction: Fuzzy sets vs. crisp sets compared. So-
ciological Theory and Methods, 24(2), 219-246. Retrieved April 11, 2026, from https:
/ /research.manchester.ac.uk /en/publications / poverty-reduction- fuzzy- sets- vs- crisp-
sets-compared /

Pachauri, S., Brew-Hammond, A., Barnes, D. F., Bouille, D. H., Gitonga, S., Modi, V., Prasad,
G., Rath, A., & Zerrifi, H. (2012, October). Chapter 19: Energy access for develop-
ment. In G. W. Team (Ed.), Global Energy Assessment: Toward a Sustainable Future.
Cambridge University Press; IIASA. Retrieved March 30, 2026, from http://www.
globalenergyassessment.org

Pachauri, S., Mueller, A., Kemmler, A., & Spreng, D. (2004). On Measuring Energy Poverty in
Indian Households. World Development, 32(12), 2083-2104. https://doi.org/10.1016/j.
worlddev.2004.08.005

Parikh, J. K. (1978). Energy use for subsistence and prospects for development. Energy, 3(5),
631-637. https://doi.org/10.1016,/0360-5442(78)90078-6

Pebesma, E. J. (2004). Multivariable geostatistics in S: The gstat package. Computers & Geo-
sciences, 30(7), 683-691. https://doi.org/10.1016/j.cageo.2004.03.012

Pelz, S., Pachauri, S., & Groh, S. (2018). A critical review of modern approaches for multidi-
mensional energy poverty measurement. WIREs Energy and Environment, 7(6), e304.
https://doi.org/10.1002/wene.304

Phoumin, H., & Kimura, F. (2019). Cambodia’s energy poverty and its effects on social well-
being: Empirical evidence and policy implications. Energy Policy, 132, 283—289. https:
//doi.org/10.1016/j.enpol.2019.05.032

26


https://doi.org/10.3390/su5052060
https://doi.org/10.3390/su5052060
https://doi.org/10.1017/S1355770X15000236
https://doi.org/10.1016/j.energy.2017.05.137
https://doi.org/10.1016/j.esd.2017.09.006
https://doi.org/10.1016/j.esd.2017.09.006
https://research.manchester.ac.uk/en/publications/poverty-reduction-fuzzy-sets-vs-crisp-sets-compared/
https://research.manchester.ac.uk/en/publications/poverty-reduction-fuzzy-sets-vs-crisp-sets-compared/
https://research.manchester.ac.uk/en/publications/poverty-reduction-fuzzy-sets-vs-crisp-sets-compared/
http://www.globalenergyassessment.org
http://www.globalenergyassessment.org
https://doi.org/10.1016/j.worlddev.2004.08.005
https://doi.org/10.1016/j.worlddev.2004.08.005
https://doi.org/10.1016/0360-5442(78)90078-6
https://doi.org/10.1016/j.cageo.2004.03.012
https://doi.org/10.1002/wene.304
https://doi.org/10.1016/j.enpol.2019.05.032
https://doi.org/10.1016/j.enpol.2019.05.032

Prime, K., Dominko, M., & Slabe-Erker, R. (2021). 30 years of energy and fuel poverty research:
A retrospective analysis and future trends. Journal of Cleaner Production, 301, 127003.
https://doi.org/10.1016 /j.jclepro.2021.127003

Prime, K., Slabe-Erker, R., & Majcen, B. (2019). Energy poverty: A macrolevel perspective
[-eprint: https://onlinelibrary.wiley.com/doi/pdf/10.1002/sd.1999]. Sustainable Devel-
opment, 27(5), 982-989. https://doi.org/10.1002/sd.1999

Qurat-ul-Ann, A.-R., & Mirza, F. M. (2021). Multidimensional Energy Poverty in Pakistan: Em-
pirical Evidence from Household Level Micro Data. Social Indicators Research, 155(1),
211-258. https://doi.org/10.1007/s11205-020-02601-7

Rafi, M., Naseef, M., & Prasad, S. (2021). Multidimensional energy poverty and human capital
development: Empirical evidence from India. Energy Economics, 101, 105427. https:
//doi.org/10.1016/j.eneco.2021.105427

Reddy, A. K. N. (1999). Goals, Strategies and Policies for Rural Energy. Economic and Political
Weekly, 34(49), 3435-3445. Retrieved April 9, 2026, from https://www.jstor.org/stable/
4408686

Reddy, A. K. (2000). Energy and Social Issues. In J. Goldemberg & UNDP (Eds.), World en-
ergy assessment: Energy and the challenge of sustainability (pp. 40-60). United Nations
Development Programme.

Ritchie, H., Rosado, P., & Roser, M. (2019). Access to Energy. Our World in Data. Retrieved
March 30, 2026, from https://ourworldindata.org/energy-access

Rizal, R. N., Hartono, D., Dartanto, T., & Gultom, Y. M. L. (2024). Multidimensional energy
poverty: A study of its measurement, decomposition, and determinants in Indonesia.
Heliyon, 10(3). https://doi.org/10.1016/j.heliyon.2024.e24135

Robles-Bonilla, T., & Cedano, K. G. (2021). Addressing Thermal Comfort in Regional Energy
Poverty Assessment with Nussbaumer’s MEPI. Sustainability, 13(1), 352. https://doi.
org/10.3390/su13010352

Sadath, A. C., & Acharya, R. H. (2017). Assessing the extent and intensity of energy poverty
using Multidimensional Energy Poverty Index: Empirical evidence from households in
India. Energy Policy, 102, 540-550. https://doi.org/10.1016/j.enpol.2016.12.056

Santika, W. G., Anisuzzaman, M., Bahri, P. A., Shafiullah, G., Rupf, G. V., & Urmee, T.
(2019). From goals to joules: A quantitative approach of interlinkages between energy
and the Sustainable Development Goals. Energy Research € Social Science, 50, 201-214.
https://doi.org/10.1016/j.erss.2018.11.016

27


https://doi.org/10.1016/j.jclepro.2021.127003
https://doi.org/10.1002/sd.1999
https://doi.org/10.1007/s11205-020-02601-7
https://doi.org/10.1016/j.eneco.2021.105427
https://doi.org/10.1016/j.eneco.2021.105427
https://www.jstor.org/stable/4408686
https://www.jstor.org/stable/4408686
https://ourworldindata.org/energy-access
https://doi.org/10.1016/j.heliyon.2024.e24135
https://doi.org/10.3390/su13010352
https://doi.org/10.3390/su13010352
https://doi.org/10.1016/j.enpol.2016.12.056
https://doi.org/10.1016/j.erss.2018.11.016

Santillan, O. S., Cedano, K. G., & Martinez, M. (2020). Analysis of Energy Poverty in 7 Latin
American Countries Using Multidimensional Energy Poverty Index. Energies, 13(7),
1608. https://doi.org/10.3390/en13071608

Sen, A. (1995, September). Inequality Reexamined (1st ed.). Oxford University PressOxford.
https://doi.org/10.1093,/0198289286.001.0001

Sen, A. (2000a). Development as freedom (Vintage Books edition). Vintage Books.

Sen, A. (2000b). A Decade of Human Development. Journal of Human Development, 1(1), 17—
23. https://doi.org/10.1080,/14649880050008746

Sen, A. (2011). The idea of justice (1. Harvard Univ. Press paperback ed). Belknap Press of
Harvard Univ. Press.

Seuret-Jimenez, D., Robles-Bonilla, T., & Cedano, K. G. (2020). Measurement of Energy Access
Using Fuzzy Logic. Energies, 13(12). https://doi.org/10.3390/en13123266

Sokotowski, J., Lewandowski, P., Kielczewska, A., & Bouzarovski, S. (2020). A multidimensional
index to measure energy poverty: The Polish case. Energy Sources, Part B: Economics,
Planning, and Policy, 15(2), 92-112. https://doi.org/10.1080/15567249.2020.1742817

Soriano-Hernéndez, P., Mejia-Montero, A., & Van Der Horst, D. (2022). Characterisation of
energy poverty in Mexico using energy justice and econophysics. Energy for Sustainable
Development, 71, 200-211. https://doi.org/10.1016/j.esd.2022.09.005

Sovacool, B. K. (2015). Fuel poverty, affordability, and energy justice in England: Policy insights
from the Warm Front Program. Energy, 93, 361-371. https://doi.org/10.1016/j.energy.
2015.09.016

Ssennono, V. F., Ntayi, J. M., Buyinza, F., Wasswa, F., Aarakit, S. M., & Mukiza, C. N.
(2021). Energy poverty in Uganda: Evidence from a multidimensional approach. Energy
Economics, 101, 105445. https://doi.org/10.1016/j.eneco.2021.105445

Swan, L. G., & Ugursal, V. I. (2009). Modeling of end-use energy consumption in the residential
sector: A review of modeling techniques. Renewable and Sustainable Energy Reviews,
13(8), 1819-1835. https://doi.org/10.1016/j.rser.2008.09.033

Sy, S. A., & Mokaddem, L. (2022). Energy poverty in developing countries: A review of the
concept and its measurements. FEnergy Research € Social Science, 89, 102562. https:
//doi.org/10.1016/j.erss.2022.102562

Thomson, H., Bouzarovski, S., & Snell, C. (2017). Rethinking the measurement of energy poverty
in Europe: A critical analysis of indicators and data. Indoor and Built Environment,

26(7), 879-901. https://doi.org/10.1177/1420326X 17699260

28


https://doi.org/10.3390/en13071608
https://doi.org/10.1093/0198289286.001.0001
https://doi.org/10.1080/14649880050008746
https://doi.org/10.3390/en13123266
https://doi.org/10.1080/15567249.2020.1742817
https://doi.org/10.1016/j.esd.2022.09.005
https://doi.org/10.1016/j.energy.2015.09.016
https://doi.org/10.1016/j.energy.2015.09.016
https://doi.org/10.1016/j.eneco.2021.105445
https://doi.org/10.1016/j.rser.2008.09.033
https://doi.org/10.1016/j.erss.2022.102562
https://doi.org/10.1016/j.erss.2022.102562
https://doi.org/10.1177/1420326X17699260

Thomson, H., Snell, C., & Bouzarovski, S. (2017). Health, Well-Being and Energy Poverty
in Europe: A Comparative Study of 32 European Countries. International Journal of
Environmental Research and Public Health, 14(6), 584. https://doi.org/10.3390 /
ijerph14060584

Tovar Reanos, M. A., Palencia-Gonzilez, F. J., & Labeaga, J. M. (2025). Measuring and target-
ing energy poverty in Europe using a multidimensional approach. Energy Policy, 199,
114518. https://doi.org/10.1016/j.enpol.2025.114518

Tundys, B., Bretyn, A., & Urbaniak, M. (2021). Energy Poverty and Sustainable Economic De-
velopment: An Exploration of Correlations and Interdependencies in European Coun-
tries. Energies, 14(22). https://doi.org/10.3390/en14227640

UN. (2015). The Millennium Development Goals Report (tech. rep.). United Nations.

UN. (2025). The Sustainable Development Goals Report (tech. rep.). United Nations.

Van Der Kroon, B., Brouwer, R., & Van Beukering, P. J. (2013). The energy ladder: Theoreti-
cal myth or empirical truth? Results from a meta-analysis. Renewable and Sustainable
Energy Reviews, 20, 504-513. https://doi.org/10.1016/j.rser.2012.11.045

Vera, 1., & Langlois, L. (2007). Energy indicators for sustainable development. Energy, 32(6),
875-882. https://doi.org/10.1016/j.energy.2006.08.006

Wang, B., Li, H-N., Yuan, X.-C., & Sun, Z.-M. (2017). Energy Poverty in China: A Dynamic
Analysis Based on a Hybrid Panel Data Decision Model. Energies, 10(12). https://doi.
org/10.3390/en10121942

Wang, Y., & Bogiang Lin. (2022). Can energy poverty be alleviated by targeting the low income?
Constructing a multidimensional energy poverty index in China. Applied Energy, 321,
119374. https://doi.org/10.1016/j.apenergy.2022.119374

Waweru, D., Mose, N., & Otieno, S. (2022, April). Household Energy Choice in Kenya: An
Empirical Analysis of the Energy Ladder Hypothesis. Retrieved April 11, 2026, from
https://papers.ssrn.com/abstract=4072276

Ye, Y., & Koch, S. F. (2021). Measuring energy poverty in South Africa based on household
required energy consumption. Energy Economics, 103, 105553. https://doi.org/10.1016/
j-eneco.2021.105553

29


https://doi.org/10.3390/ijerph14060584
https://doi.org/10.3390/ijerph14060584
https://doi.org/10.1016/j.enpol.2025.114518
https://doi.org/10.3390/en14227640
https://doi.org/10.1016/j.rser.2012.11.045
https://doi.org/10.1016/j.energy.2006.08.006
https://doi.org/10.3390/en10121942
https://doi.org/10.3390/en10121942
https://doi.org/10.1016/j.apenergy.2022.119374
https://papers.ssrn.com/abstract=4072276
https://doi.org/10.1016/j.eneco.2021.105553
https://doi.org/10.1016/j.eneco.2021.105553

	Introduction and Literature Review
	Data and Methodology
	Data
	Methods

	Results
	Conclusion-Discussion
	Appendix

