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Abstract: The increase of energy access to households has been a global priority. By 2018, 89.59% of
the world population had access to electricity, while 97.26% of the persons living in urban areas (The
Mexican Government reports it at 99.99%) had access. We must now move beyond access to electricity
and address energy poverty in urban spaces. A household is energy poor when their inhabitants
are incapable of securing proper domestic energy services. Several different methodologies were
developed to measure energy poverty. The Multidimensional Energy Poverty Index (MEPI) by
Nussbaumer has been successfully used in Africa and in Latin-America. The MEPI considers five
dimensions: cooking, lighting, household appliances, entertainment/education and communication.
We developed a Multidimensional Energy Deprivation Index (MEDI), based on MEPI. Thermal
comfort has been included as sixth dimension, by considering the temperature of the region where
the household is located. We found important differences between MEPI and MEDI for Mexico at the
national level (urban-MEPI at 0.028 vs. 0.071 urban-MEDI, which implies a higher degree of energy
poverty). Also, differences between geopolitical and bioclimatic regions were found. Having better
ways to assess energy poverty in the urban context is a key factor to develop effective public policies
that might alleviate it.

Keywords: energy poverty; bio-climatic region; MEPI; thermal comfort; urban

1. Introduction

Energy poverty (EP) is a growing and urgent issue currently affecting many people in
the world. EP may manifest in several ways and at different levels (which make it hard
to measure and compare), and despite its importance as a social phenomenon, there is
not a universal definition at the moment [1]. Nevertheless, as a general approximation of
the subject, it can be said that EP is the inability to access adequate, affordable, reliable,
high-quality, safe, and environmentally benign energy services to support economic and
human development [2].

EP is of particular interest in cities. Currently, around half of the world’s population
lives in cities, and for the year 2050, 70% of the world inhabitants is predicted to live in
urban settlements [3]. Cities account for between 60% and 80% of energy consumption
and near 75% of carbon emissions, despite the fact that hey only occupy 3% of the Earth’s
surface [3]. The United Nations (UN) acknowledges the importance of cities in sustainable
development, and for the accomplishment of Sustainable Development Goal (SDG) 11: For
sustainable cities and communities, addressing urban energy poverty is imperative.

EP incidence can be found within a wide range of populations: from local groups to
different national contexts, which highlights the relevance of assessing its spatial distribu-
tion [4]. For the urban areas, dwellings have a higher probability of being able to access
modern energy services (especially electricity and liquefied petroleum gas), and for this
reason, the lack of access of energy services might reflect poverty and unaffordability [5].
Roberts et al. (2015) undertook a study in the UK context, and they found that the experi-
ence of fuel poverty in urban areas lasts longer on average, and that fuel poverty also has
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a higher probability of persistence [6]; whilst Robinson et al. (2018) found that there is a
higher prevalence of fuel poverty in urban areas [4]. In México, García Ochoa & Graizbord
Ed (2016) evaluated the deprivation of energy services while distinguishing between rural
and urban settlements, where they also discussed the importance of the climate when
assessing EP [7].

Positive Energy Districts (PED) emerge as a strategy to decarbonise urban spaces
in Europe. Bruck et al (2021) define a PED as a community that generates a surplus of
energy with renewable sources in comparison with the energy it consumes from the grid
on an annual basis, and that keeps its CO2 emissions balance at zero. They show that with
actual electricity demand patterns PEDs are feasible and even pose a cheaper alternative
against the import of energy when favourable climatic conditions are met. They also
show a decrease in energy consumption. Thus, both issues imply an incentive in the
householders” economy [8].

The dwellings or buildings that might be conceptualized as a PED have to actively
manage their energy consumption and the energy flow between them and the national
grid [9].

For the development of PEDs, the urban energy end-use must be very low, and
this requires high energy efficiency, especially in the building, industry, and transport
sectors [10]. An important feature of the PEDs is that achieving an annual surplus of net
energy is not their only goal, they also must adequately handle such surpluses to prevent
additional stress on the electrical grid [10]. For the accomplishment of the later objective,
PEDs must offer alternatives for increasing the self-consumption and consumption on site,
technologies for storage (both for short and long term) and provide energy flexibility by
means of smart grids [11].

Hearn & Castaño-Rosa highlight that PEDs are a solution that might alleviate energy
poverty (EP). Even though some places enforce public policies to promote the use of PV
systems or the decrease of social tariffs as measures to alleviate, they are not enough.
This is the main reason why the concept of PEDs gains interest as a better strategy, since
households experience a decrease in their energy expenses and increase their energy
behaviour [12].

The objective of the present work is to generate knowledge regarding the Mexican
incidence of energy poverty in urban areas. The paper seeks to answer the research
question: What is MEDI´s relevance for energy poverty evaluation and its alleviation
through public policy design in Mexican urban populations? The originality of the paper
lies in two main issues: first, the introduction of the Multidimensional Energy Deprivation
Index (MEDI), an indicator based in Nussbaumer´s Multidimensional Energy Poverty
Index (MEPI) that includes thermal comfort, considering both the bioclimatic region and
the temperature in the measurement of energy poverty. Second, this is the first study that
assesses energy poverty in urban areas in the Mexican context. The results attempt to act as
an information source for the elaboration of public policies with the aim to address energy
poverty in Mexico.

The article is presented as follows: in the Section “Materials and Methods”, both MEPI
and MEDI are described, as well as the data set used for the analysis. The results and
the comparison for both indexes are presented in “Results”, along with the identification
of energy deprivation in terms of the different Mexican bioclimatic regions and some
examples of specific urban areas. Finally, in “Discussion”, the key results and the more
important findings are discussed.

2. Materials and Methods
2.1. MEPI Description

The Multidimensional Energy Deprivation Index (MEDI) is based on Nussbaumer´s
Multidimensional Energy Poverty Index (MEPI). MEPI is an indicator that captures a set
of energy deprivations that affects people by means of five dimensions and six indicators
that represent basic energy services, as shown in Table 1. The people living in a particular
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dwelling are in an energy poverty condition if the combination of deprivations faced
exceeds a predefined threshold [13].

Table 1. MEPI information [13].

Dimension Indicator (Weight) Variable Deprivation Limit
(Poor If . . . )

Cooking

Modern cooking fuel
(0.2) Type of cooking fuel

Use any fuel besides
electricity, LPG,

kerosene, natural gas
or biogas

Indoor pollution (0.2)

Food cooked on stove
or open fire (no

hood/chimney) if
using any fuel beside

electricity, LPG,
natural gas or biogas

True

Lighting Electricity access (0.2) Has access to
electricity False

Services provided by
means of household

appliances

Household appliance
ownership (0.13) Has a fridge False

Entertainment/
education

Entertainment/education
appliance ownership

(0.13)

Has a radio or
television False

Communication Telecommunication
means (0.13)

Has a phone land line
or a mobile phone False

MEPI measures energy poverty on d variables across a population of n individuals.
The matrix Y = [yij] represents the states matrix n x d for i persons through j variables.
yij > 0 indicates the state of individual i on variable j. A weighting vector w is composed of
wj elements corresponding to the weight that is applied to variable j. It is defined by:

d

∑
j=1

Wj = 1 (1)

The deprivation threshold zj on variable j is set; then, all individuals with deprivations
on any variable are detected. Subsequently, it is defined the deprivation matrix g = [gij]
where each element gij is determined by:

gij =
{

wj, yij < zj 0, yij ≥ zj
}

(2)

In a MEPI calculation, elements on the states matrix are non-numerical, and for that
reason the threshold is defined as a set of conditions to be fulfilled. Later, a column vector
c of deprivations counts is built, where the ith entry indicates the sum of deprivations that i
person is facing, where:

ci =
d

∑
j=1

gij (3)

The dwellings on the energy poverty condition are identified with the definition
of a limit k > 0, which is applied to the column vector c, a dwelling is considered to
be one of energy poverty if its weighted deprivation count ci exceeds k. The censored
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vector of deprivation count is represented by c(k), which is different to c for it counts zero
deprivations to the persons that are not identified on multidimensional energy poverty.

ci(k) = {0, ci ≤ k ci, ci > k} (4)

Headcount ratio H represents the proportion of the population considered as energy
poor, and is calculated with H = q/n, where q is the number of persons on energy poverty
(ci > k), and n, the total number of the sample. H indicates the incidence of multidimensional
energy poverty. The average of the censored weighted deprivation count ci(k) represents
the intensity of multidimensional energy poverty, and is calculated by:

A =
n

∑
i=1

Ci(k)
q

(5)

MEPI captures information regarding incidence and intensity of energy poverty, and
is defined as MEPI = H × A. When calculating H and A, the number of persons in each
dwelling are included.

2.2. MEDI Description

Robles & Cedano (2021) state the need to consider bioclimatic regions to better under-
stand energy poverty (EP). This is in regard to the importance that thermal comfort has in
the proper assessment of EP. They create a new index adding not only the dimension of
thermal comfort, but also a climate analysis that includes the regional climatic conditions to
properly assess the need of appliances to achieve it. This index, called the Multidimensional
Energy Deprivation Index (MEDI), considers the extreme temperature ranges that take
place in Mexico and the importance of being deprived of appliances to mitigate the effects
of extreme weather [14]. We use annual average extreme temperatures considering that a
30 ◦C average implies thermal discomfort, whether the standard deviation is large or small.
In other words, a small standard deviation can translate to having minimum variations
around 30 ◦C, which makes livelihood or work-related activities uncomfortable without
the aid of cooling appliances. And on the other hand, in those cases where the standard
deviation is larger, we can infer that the temperature can rise to even higher values, thus
increasing the need of cooling appliances to achieve thermal comfort.

MEDI methodology allows for the incorporation of new dimensions and variables,
and an alternative dimension was added, as shown in Table 2.

Table 2. Thermal comfort dimension [14].

Dimension Indicator Variable Deprivation Cut-Off
(Poor If . . . )

Thermal comfort Thermal comfort
access

Has an air
conditioner or

heating
False

Thermal comfort is a very important topic when assessing energy poverty, since
providing it is considered an energy service needed to achieve wellbeing. Its relevance can
be shown in several case studies; for example, in the summer of 2003, more than 70,000
deaths caused by extreme heat in Europe were reported [15]. Without any doubt, accessing
thermal comfort can decrease the number of deaths related to very low temperatures or
to dehydration when very high temperatures occur, not only in Europe, where most of
the recent events are being reported, but also in Latin America. Thermal comfort has
been thoroughly studied since 1959 by Crowden, with studies analysing its effects on
human health in households. We found 16,976 papers on the Web of Science regarding
thermal comfort up to August 2021; however only 85 of those papers address energy
poverty also. These 85 papers focus on mortality, vulnerability, deprivation, and extreme
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temperature, among other topics as can be found in Table 3 (Data from Minero bibliométrico
Avanzado [16]).

Table 3. Keywords in 85 papers about thermal comfort and energy poverty.

Consumption Low-Income Households

Health Climate

Mortality Vulnerability

Impact Energy justice

Energy deprivation Extreme temperature

Mitigation Older people

Excess winter deaths Efficiency

Population increases in urban areas and a building’s inadequate design and construc-
tion that affects thermal comfort affects quality of life in urban spaces. Karakounos et al [17],
Gaitani et al [18], and Pontes et al [19] consider climatic regions and bioclimatic design to
alleviate the adverse effects of extreme temperature and climate change. This situation can
be alleviated by retrofitting buildings with materials that have better behaviour against
temperature increases. They also suggest adding green spaces to decrease outdoor tem-
perature and, in turn, decrease energy consumption for cooling. However, there are some
cases where adjacent buildings increase temperature, thus adding layers of complexity
to alleviate the lack of thermal comfort and increasing the need for cooling appliances.
Calixto & Huelz highlight the importance of climate considerations in building design,
since this is directly related with energy consumption, especially in countries in the Global
South, like Mexico, where climate diversity is high. In this region, bioclimatic diversity has
to be considered in the design and construction of buildings to attain thermal comfort and
energy savings [20].

Robles & Cedano (2021) modified in a proportional way the weights that Nussbaumer
et al defined in their methodology, while including the dimension of thermal comfort. The
first approach was to adjust the weights for the five original dimensions proportionally, so
they were not significantly altered when adding thermal comfort [14]. The weights were as
shown in Table 4.

Table 4. Proportional weights of original MEPI when adding thermal comfort [14].

Dimension Indicator Variable Weight

Cooking Modern cooking fuel Type of cooking fuel 0.18

Indoor pollution Food cooked on stove or open
fire 0.18

Lighting Electricity Access Has Access to electricity 0.18
Services provide by
means of household

appliances

Household appliance
ownership Has a fridge 0.115

Entertainment/education Entertainment/education
appliance ownership Has a radio or television 0.115

Communication Telecommunication means Has a phone land line or a
mobile phone 0.115

Thermal comfort Thermal comfort access Has an air conditioner or
heating 0.115

Also, new weights were applied to all the dimensions as shown in Table 5. To establish
MEDI´s weights, experts on the subject were consulted. They agreed on considering
cooking as essential, followed by electricity and then appliances, since until this point,
health and safety were considered, as well as which appliances were useful for food
preservation and to prevent indoor pollution. Later, thermal comfort was considered due to
its importance as an energy service. Finally, entertainment/education and communication
were included [14].
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Table 5. MEDI information [14].

Dimension Indicator Variable Weight

Cooking Modern cooking fuel Type of cooking fuel 0.13

Indoor pollution Food cooked on stove or
open fire 0.13

Lighting Electricity Access Has Access to electricity 0.24
Services provide by
means of household

appliances

Household appliance
ownership Has a fridge 0.21

Entertainment/education Entertainment/education
appliance ownership Has a radio or television 0.08

Communication Telecommunication
means

Has a phone land line or
a mobile phone 0.07

Thermal comfort Thermal comfort access Has an air conditioner or
heating 0.14

2.3. Databases Used

The data used for the evaluation was obtained from the National Survey of Income
and Expenditures in Households (Encuesta Nacional de Ingresos y Gastos en los Hogares,
ENIGH, in Spanish). This survey is applied every two years by the National Institute of
Statistics and Geography (Instituto Nacional de Estadística y Geografía, INEGI). We used
the data of the survey applying secondary data analysis [21]. The ENIGH database includes
information associated with three levels: dwelling, household, and the household ’s mem-
bers; and the results can be extensive for the whole population, with a confidence interval
of 90%. The analyzed information encompassed 73,405 dwellings in which 256,989 persons
reside [22].

In Section 2.2 it is mentioned that Robles & Cedano use the temperature of the bio-
climatic region as conditional for calculating MEDI, and it is taken from the National
Water Comission (Comisión Nacional del Agua, CONAGUA) dataset. In its web page, the
information includes the national monthly average maximum or minimum perspective
temperature in a three-month period. However, the authors requested CONAGUA infor-
mation regarding one year’s daily temperatures by municipality. CONAGUA delivered
information about the year daily minimum, average and maximum temperature available.
Temperature is expressed in degrees Celsius [23].

3. Results
3.1. Identification of Energy Deprivation by Bioclimatic Region

Two cases were analyzed for the identification of energy deprivation in relation
to the bioclimatic region. In the first one, the extreme temperatures in the bioclimatic
region were used, meaning that the minimum temperature among the municipalities
of the region was set as tmin and the maximum temperature among the municipalities
of the region was set as tmax. The second case considers only the average temperature,
leaving the extreme temperatures out of the analysis. The two cases together show two
completely different results: when using extreme temperatures 99% of the people show
deprivations regarding thermal comfort, while just one bioclimatic region presents the
need to use thermal comfort appliances when using the average temperature, resulting in a
low incidence in this dimension.

To better understand the incidence of deprivations within the bioclimatic regions, the
indicator´s weights were adjusted and the calculation was made considering the variables
instead of the dimensions. A weight of 1, as opposed to the previously allocated weights,
was used for the calculation of each variable alone, setting the weights of the other variables
to zero. As an example, to know the incidence of the access to electricity variable, its weight
was set in 1 while the weights of all the other variables was set to zero.

For the first case, where the extreme temperatures are used, all of the bioclimatic
regions present the lack of heating or air conditioning as the most emerging deprivation
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affecting 99% of the people. Warm weather has presented temperatures below 10 ºC (in
part due to climate change), which have caused them to face heating deprivation. Dry
tempered, tempered and humid semi-cold weather also requires heating. Humid tempered,
dry semi-cold and semi-cold weathers show a wider deprivation of air conditioning in
relation to heating, while both are at concerning levels. Figure 1 shows humid warm
bioclimate and highlights the lack of heating. Figure 2 shows humid tempered weather,
where both deprivation of heating and air conditioning are at a similar level.
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For the second case, where the average temperatures were used, only the semi-humid
warm region needed air-conditioning appliances. However, it only had an incidence of
0.36. The larger deprivation presented in most of the regions is the lack of refrigerator.
Only in the semi-humid warm and humid warm was the larger deprivation was the type
of cooking fuel used. Figure 3 shows the semi-humid warm weather where this can be
seen. The incidence for the air conditioning, while existing, cannot be seen due to the low
value it poses in relation to the resolution of the figure. Figure 4 presents tempered weather,
highlighting that the refrigerator is the deprivation with the larger incidence.
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This analysis shows that the first case is more sensible to the weather variations
and allows a more accurate assessment of thermal comfort conditions in each location.
In this regard, we have a better approximation to the energy needed by a household to
achieve thermal comfort. The following MEPI, MEPI comfort and MEDI will be calculated
considering the annual average maximum and minimum temperatures.

3.2. Specific Urban Areas

A specific capital city was selected in each bioclimatic region as part of the bioclimatic
analysis. The aim is to observe the differences on energy poverty measurements when
using MEPI, MEPI with thermal comfort and MEDI. In all the cities, the level of the index
regarding energy poverty is larger when using MEPI with thermal comfort instead of MEPI
(except in Xalapa where is the same), and is larger when using MEDI instead of MEPI with
thermal comfort, highlighting that MEDI might show better resolution when identifying
people on energy poverty, since the weights for each dimension and variable were chosen
by Mexican experts on energy access and poverty. Table 6 shows the differences between
both MEPIs and MEDI as well as the maximum, minimum and average temperatures in
each city.
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Table 6. MEPI and MEDI of capital cities in each bioclimatic region.

Region Capital City MEPI MEPI
Comfort MEDI Tmin Tmax Taver

Humid
warm Campeche 0.024 0.060 0.070 6.0 44.0 27.0

Dry warm Monterrey 0.000 0.033 0.039 −8.0 44.0 23.1
Extreme dry

warm Hermosillo 0.013 0.029 0.036 −7.5 49.0 25.5

Semi-humid
warm

Ciudad
Victoria 0.006 0.031 0.040 −4.0 44.0 22.7

Semi-cold Toluca 0.007 0.014 0.045 −4.0 26.0 14.2
Humid

semi-cold Xalapa 0.050 0.050 0.060 6.0 34.0 19.0

Dry
semi-cold Pachuca 0.003 0.049 0.059 −2.7 31.0 16.0

Temperate Guadalajara 0.000 0.018 0.022 4.0 37.5 21.0
Humid

temperate Tepic 0.004 0.042 0.049 8.2 35.0 23.0

Dry
temperate Oaxaca 0.015 0.080 0.094 8.0 39.5 23.0

When using average maximum and minimum temperatures, all the capital cities need
heating and, excluding Toluca, all the cities need air conditioning. On the other hand, when
using annual average temperatures, none of the selected cities would need heating or air
conditioning. Another important finding is that the second and the third largest cities in
the country, Guadalajara and Monterrey, have a MEPI of zero; that is, there seems to be
no energy poverty in those cities; however, when using both MEPI with thermal comfort
or MEDI, the two cities show households with energy poverty. This is due to the lack of
appliances to attain thermal comfort.
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4. Discussion

The analysis of energy poverty in cities becomes more relevant due to the high share of
the population that lives in urban areas and, knowing the share is going to get significantly
higher in the future, both in the world and in Mexico. The large number of people living
together in mega urban areas might foster the lack of access to energy services. The
alleviation of energy poverty is a challenge that must be addressed with context-related
measures. One very interesting approach arises from fostering Positive Energy Districts.
In this regard, we know that “In 2018 Europe, 39.3% of the population lived in the cities,
31.6% lived in towns and suburbs” [24], that is, more than 70% of Europe’s population
is concentrated in urban spaces. Also, according to [25], more than 40% of Europe’s
residential buildings were built before 1960, and 50% between 1960 and 1990. Considering
that buildings account for 40% of energy consumption, 36% of CO2 emissions and 55%
of electricity consumption, renovation of those dwellings is critical. Then for Europe, the
reduction of energy consumption and CO2 emissions must be urgently addressed by city
planners, developers, and operators by considering a systemic approach. A proposal to
analyse the refurbishment of cities at district level has been considered as critical, and even
the objective to obtain positive energy districts has been put forward by Yvann Nzengue
and co-authors [26].

In 2013, Mexico announced a new approach to housing and urban policy, calling for a
more explicit qualitative focus on housing and the urban environment. Nevertheless, it was
more a quantitative push for formal housing, which came with quantitative costs: inefficient
development patterns resulting in a hollowing out of city centres and the third-highest rate
of urban sprawl in the Organization for Economic Cooperation and Development (OECD);
increasing motorization rates; a significant share of vacant housing, with one-seventh of
the housing stock uninhabited in 2010; housing developments with inadequate access to
public transport and basic urban services; and social segregation [27].

The OECD [28] considered that Mexico´s moderate growth over the past two decades
has been supported by oil wealth, working age population growth, and open trade and
investment policies. Despite this growth, Mexico has not converged towards higher living
standards and the gap in GDP per capita with the OECD average and the United States
has not narrowed. Informal work remains high, encompassing nearly 60% of formal jobs
and about a quarter of GDP. Inequality and poverty declined only moderately, and large
gaps prevail between regions while poverty disproportionately affects the indigenous pop-
ulation.

Andres Manuel Lopez Obrador, President of Mexico, announced in one of his daily
briefings that his government established as a priority area the recovery of homes in both
low-income and housing areas to revive the construction sector and the consumption of
building materials [29]. Furthermore, Roman Meyer, Mexican Minister for Agriculture,
Territorial and Urban Development, explained in a briefing that of the 34 million households
in the country, 9.4 million have underdevelopment issues, and that 79% of those are due
to precarious building materials. He also revealed that there are about 650 thousand
abandoned dwellings, of which 175 thousand will be recovered by the government, and
the federal government will also provide all services to their urban surroundings. The
programs will be financed directly to the inhabitants to promote self-construction or by
individual contracting of local building workers. Therefore, in the short-term context, one
can surmise that the establishment of federal energy programs for household development
will be a difficult task.

Nevertheless, according to the Mexican National Council of Population (CONAPO,
in Spanish) the Mexican population was 128 million as of 2020 and is projected to be
148 million by 2050 [30]. If accurate, if a 90 to 10 percentage ratio is taken for urban to
rural distribution and a density of four people per house is considered, at least four million
dwellings with pertinent urban infrastructure must be built. This gives the opportunity to
establish programs for energy savings using renewable energies and developing positive
energy districts.
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5. Conclusions

Few papers address the evaluation of energy poverty in urban spaces and take into
consideration thermal comfort and the climatic features of the evaluated regions. To have a
better understanding of how energy poverty presents, and which are the factors that cause
it, is a first step in alleviating the situations that many people in the world, especially in
cities, are facing. There is no doubt that thermal comfort is a critical matter when analysing
energy consumption. From heating devices in winter, to cooling devices in summer, energy
consumption is greatly affected by these appliances. Its importance has been addressed
by several studies [14,15,31]. We highlight its importance in urban dwellings not only
because of the actual and forecasted population concentration in cities, but also considering
possible district-focused strategies to alleviate it.

One of the main contributions of this paper is the application of MEDI, based on the
structure of Nussbaumer et al.’s MEPI by adding the dimension of thermal comfort and
using the bioclimatic regions for its evaluation. MEDI and MEPI are both useful for the
evaluation of energy poverty; however, the results indicate that the multidimensional index
is 2.5-fold when using MEDI instead of MEPI. This last part is evidence of the much larger
incidence of energy poverty when considering thermal comfort. These findings are useful
for policy makers when addressing energy poverty, both in rural and urban areas.

One of the most difficult challenges to properly assess thermal comfort lies in the
regional differences on climate and the individual perception as well as its ability to adapt
to it. Our research is one of the first attempts to include annual average temperatures
(maximum, mean and minimum), as a parameter to consider while evaluating a household
vulnerability in regard with thermal comfort. We chose 10 Mexican main cities, each in a
different bioclimatic region, to show the difference that considering thermal comfort poses
while measuring energy poverty. To do this, we used two different thresholds. The first
only took into consideration annual average mean temperatures, while the second had a
double-sided criterion, taking, for one side, the annual average minimum temperature,
and for the other side, the annual average maximum temperature. The latter was a more
accurate measure, since it considers a wider range of temperatures.

Assessing EP by considering thermal comfort in urban spaces is key to better under-
stand the regional distribution of households classified by their energy accessibility and
consumption. Since the calculation for EP can be done by localities or districts, mapping
different EP conditions can help urban planning and policy making to foster locally the
emergence of PEDs where EP is low, and connecting these PEDs with districts that exhibit
high levels of EP. Since non-EP districts have the economic possibility to invest in renewable
infrastructure, local governments can promote the development of PEDs. This energy
solidarity model can be applied to urban and periurban zones, complementing energy
needs of those in energy poverty.
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