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Abstract: This paper aims to identify the presence of energy poverty in Ecuador. Three indicators
proposed by the European Union Energy Poverty Observatory (EPOV) are used to construct a
multidimensional energy poverty index (MEPI) based on measure conditions associated with energy
poverty, in areas related to delays in the payment of electricity bills, disproportionate expenses, hidden
energy poverty, and the 10% Boardman (1991) rule. The information comes from the Ecuatorian Life
Conditions Survey. The results show that energy poverty is present in Ecuadorian households, at the
national level, and just as these indicators have restrictions, advantages and disadvantages, which
demand decisions about the choice of their use.
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1. Introduction

“The link between energy and poverty begins to gain importance, as a line of research in the
Social Sciences and as a thematic axis in the national development plans and instruments of Latin
American countries” [1]. In this context, the economic inability of households to pay for energy is
a real phenomenon that affects the quality of life of the population and has economic, social and
environmental implications.

In this research, the presence of energy poverty in Ecuador is tested, and international well-accepted
methods are proposed to identify it. For this purpose: First, three indicators proposed by the European
Union Energy Poverty Observatory (EPOV: available at https://www.energypoverty.eu) that seek to
measure conditions associated with energy poverty are used, in areas such as delays in the payment of
electricity bills, disproportionate expenditure and, hidden energy poverty. Second, the 10% indicator
proposed by Boardman [2] used for energy poverty measurement in several countries of the United
Kingdom (UK). Besides, this paper proposes a multidimensional energy poverty index that aggregates
these indicators.

The information on energy poverty in Ecuador is scarce or non-existent, which impedes the
identification of the scope of this problem. Besides, there are no studies for most of the Latin-American
countries developing an evaluation of energy poverty in regions with very different climatic areas. The
originality of this paper falls into three domains. Firstly, it applies well-recognized measures, although
new for Ecuador, to different regions in a developing country, reaching empirical evidence of that
energy-poverty is present, including in areas with good temperatures. The second is to use the Life
Conditions Survey to analyse fuel poverty but by constructing new variables using the existing data
for the index calculation. The third is to build an index which could serve to monitor this problem in
Ecuador, giving a relevant tool for policy-taken decisions.

The paper contributes to the state of knowledge by generating information on households living
in conditions of energy poverty, its reasons and its severity, giving empirical evidence that supports
the implementation of public policies and the existing academic discussion.
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The question that guided this research was: Is there an energy poverty problem in Ecuador, which
requires particular strategies or is simply a manifestation of the low level of household income?

This paper is organised as follows. Section 2 contains Materials and Methods with points devoted
to definitions, Measurement of energy poverty, Situation of the Energy sector in Ecuador, Methodology
and Data Resources. Section 3 includes Results and Discussion, with two sections, one devoted to
the calculation of the four indicators of energy poverty, and the proposed Multidimensional Energy
Poverty Index (MEPI). Section 4 summarises and makes policy proposals.

2. Materials and Methods

2.1. Definitions

Energy poverty is probably as old as the human race itself, however, as a concept it is a more
recent fact, was recognized as a problem in the 1970s, after the 1973–1974 oil crisis and the decision of
the UK government to gradually eliminate subsidies to the electricity and gas industries [3].

For Meszerics [4], a high percentage of the research carried out on this topic coincides in that
low income, low thermal efficiency in housing, and high energy costs, are three crucial factors in
energy poverty.

The first definitions of energy poverty were posed by Isherwood and Hancock (1978) who
“define households with high fuel expenditure as those that spend more than twice the median on fuel,
lighting, and energy”. Moreover, Richardson (1984) “As the situation where people cannot access the
source of energy (fuel) required for heating, lighting and cooking food” [5] (p. 368).

For Lewis [6] a household is in fuel poverty when it cannot afford the fuel necessary to maintain
the heat or temperature that provides thermal comfort or household members, according to Garcia [1]
(p. 14) Lewis makes a mere definition without a methodological approach that allows identifying
when a household is in a situation of fuel poverty. Boardman [2] (p.219) defines it as “the inability to
provide adequate heat due to the inefficiency of the household”, sets a threshold of energy expenditure
of 10% of household income, to identify whether or not a household is in fuel poverty.

For García [1], there is a semantic discussion in the studies of energy and poverty in the sense that,
in the UK, the term fuel poverty is used, however, as this research expands to other countries such as
France, Germany, Italy, Poland, the term energy poverty is used more frequently.

The definition and measurement are not homogeneous in the European Union (EU) countries, in
a research carried out by Unit National Development Programme—UNDP [7] (pp.101–104). For Chile
a table is presented that summarizes the main definitions, the operationalization or metrics used and
the state of institutional formalization of energy poverty or fuel poverty of Australia, Belgium, Cyprus,
France, Ireland, Italy, Malta, Slovakia, UK (England, Scotland, Wales, Northern Ireland) (see Table 1
from Pye [8], pp. 34–36 and 43 in case of Belgium).

Regarding Latin America, there is no formal definition of energy poverty, its research is still
incipient, but with a growing interest in the subject, there are several academic and institutional works
(ECLAC; World Bank, OLADE) developed in Brazil, Peru, Dominican Republic, Venezuela, Guatemala,
Argentina, Chile, Mexico [7].

However, Garcia [1], proposes the following definition “A household is in energy poverty when
the people who live there do not meet the needs of energy, which are related to a series of satisfiers
and economic goods that are considered essential, in a specific place and time, according to social and
cultural conventions”.
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Table 1. Member State of the EU definitions of energy poverty.

Member States
of the EU Definition, Metric and Status

Australia

Defines it as “households whose incomes are below the poverty risk threshold, and
simultaneously have to spend a percentage higher than an average of their household
income on energy” for their measurement proposes the use of family income indicators,
housing expenditure, energy costs.

Belgium

Makes a distinction between energy poverty and hidden energy poverty, it defines the
former as “households that spend too high a proportion of their disposable income on
energy” and the latter as “households that have an abnormally low level of expenditure on
the service of energy”, the expenditure threshold is equivalent to twice the average of the
relationship between energy expenditure and household income. The latter occurs when
the household expenditure is below than half of the household expenditure of households
of the same size and type

Cyprus
Relates energy poverty to the situation of customers who may be in a position to define it
as challenging because of the low income that does not allow them to cover basic electricity
supply needs; the measure refers to the percentage of income spent on energy

France

Considers in a situation of energy poverty “a person who finds in his home particular
difficulties in having sufficient energy supply to meet basic needs due to low levels of
income or housing conditions”. To this end, the country proposes three not operationalised
indicators. Firstly, a measure calculated as the rate of energy effort (ratio between energy
expenditure and household income) which should not exceed 10% considered only for the
first three deciles of income. The second indicator of low income—high expenditure means
that a household is in energy poverty if f low income and high energy expenditure meet
simultaneously. Third, a cold indicator, which is measured based on testimonies about the
level of thermal comfort

Ireland

Energy poverty “is a situation in which a household cannot reach an acceptable level of
domestic energy services due to affordability costs”. This country applies three thresholds
to identify the severity of energy-poor: The first 10% of the disposable income expenditure
in energy bill; the second level is when the expenditure uses the 15% and the third 20%; the
latter two categories being used to measure severe and extreme energy poverty

Italy A family is energy vulnerable when it spends more than 5% of its income on electricity and
more than 10% on gas.

Malta does not have a definition official, but, if there is a definition made by NGOs, which relates
energy poverty to the inability to reach the level of fuel use needed to heat the housing

Slovakia

Energy poverty “is a state in which the average monthly expenditure of households on the
consumption of electricity, gas, heating and domestic hot water represents a substantial
part of the average monthly income of the household”. A household can be considered as
weak energy if the available monthly income is less than the minimum monthly threshold
available for family income; the threshold is published on the website of the Ministry
of Labor

The
UK—England

Household is fuel poor “if income is below the poverty line, and if energy costs are higher
than typical for every type of household.” They use the low-income indicator—high rates
(LIHC), which considers two criteria that must be met simultaneously, the first that the fuel
costs are above the median and the second that the disposable income minus the
expenditure on fuel is below the poverty line. Additionally, the 10% Boardman rule
threshold measurement is also applied.

The
UK—Scotland

Household is in fuel poverty “when to maintain an adequate heating regime the household
spends more than 10% of their income on fuel consumption”. As an adequate heating
regime, the World Health Organization (WHO) recommendation stablishes 23 ◦C in the
living room and 18 ◦C in other rooms for, at least, 16 h a day in rooms used by older adults,
handicapped people, or with chronic diseases and 21 ◦C in the living room and 18 ◦C in
other rooms for a period of 9 h a day for other household types

UK-Wales
“When more than 10% of the income is spent on all types of domestic fuel to maintain an
adequate heating regime”; households are in a situation of severe energy poverty when
expenses exceed 20%.

UK-Northern
Ireland

Households are in energy poverty when allocate more than 10% of its income in
consumption of domestic fuel to maintain an acceptable level of temperature throughout
the house.

Source: Pye, S and Dobbins, A, 2015, pp. 34–36, and 43 or PNUD 2018, pp. 101–104.
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According to Urquiza [9], the notion of energy poverty in Chile has been incorporated as an official
development goal within the current long-term energy policy. However, the policies proposed still
have a rather fragmented and sectorized character, which may be the result of an absence of adequate
indicators. The indicators focus on measuring access to electricity service, leaving aside the questions
of the quality standard, cultural and climatic differences that make the real manifestation of energy
poverty vary between households. Some of the indicators used in the measurement of energy poverty
in Chile are the ‘Ten-percent-Boardman’ rule, MIS-Based approaches and Low Income_High Cost,
Multidimensional Energy Poverty Index, The Energy Supply Index, The Multi-Tier Framework for
Measuring Energy Access.

2.2. Measurement of Energy Poverty

For Garcia [1] there are two approaches used to measure fuel poverty, subsistence and consensual.
The first approach bases the estimation of a poverty line based on the temperature threshold necessary
to achieve the thermal comfort that is considered adequate or a percentage of the household income
destined to fuel expenditure. Within this approach would be studies developed by authors such as
“Lewis (1992), Boardman (1991), Whyley and Callender (1997), Clinch and Healy (1999, 2001), Healy y
Clinch (2002a, 2002b and 2003)” Garcia [1] (p.14)

The second focuses the theory of “relative deprivation” developed by Peter Townsend in the
construction of a synthetic index of relative deprivation. The index is composed of three objective
indicators (it has heating equipment, thermal insulation and hermetic windows) and three personal
ones (people’s satisfaction in need of heating, ability to pay the energy bill and if they think the facilities
are adequate). Within this approach, we would have authors such as Healy (2004), SEI (2003), Harris
(2005), Tirado and Unge-Vorsatz (2010), Finsh (2010), Buzar (2007ª and 2007b). Garcia [1].

Thomson [10], mentions that there are three methods to measure energy poverty: The expenditure
approach, consensual and direct measurement, the Consensus approach and the Direct measurement.

The “expenditure approach analyses the energy expenditure that households have about an
absolute or relative threshold to estimate the extent of domestic energy deprivation. The Consensus
approach based on self-reported assessments of housing conditions inside the household and the
ability to meet certain basic needs with the society in which they reside. The Direct approach measures
whether the level of energy services (such as heating) achieved in the household meets a relative
acceptable value compared to an established standard” [10] (p.883).

Tirado [11] (p. 26), mentions that it is possible to talk about three typologies of thresholds for the
household expenditure and income approach. “First, excessive energy expenditures, either measured
in absolute or relative terms (as a percentage of annual income). Second residual income below a
line of monetary poverty after discounting expenditures on housing and energy. Third, the level
of expenditure is too low (only when the starting data refer to actual and not theoretical expenses
necessary)”. Additionally, it is worthy of mentioning that in many cases, temperature ranges inside the
houses have been used as thresholds.

With the new directive of the internal electricity market—the common EU electricity market
obliges for the first time the Member States to have their mechanisms to measure energy poverty, in
this sense the EPOV was launched in 2016, who should propose pan-European indicators that allow
obtaining methodologically consistent results [11].

The EPOV [11] proposes two types of indicators: primary and secondary. First, the mains that
can be calculated by all the Member States, based on microdata from the Family Budget Survey (FBS)
and the Living Conditions Survey (LCS), these are four: Percentage of the population who declared
themselves unable to maintain their housing at an adequate temperature. Percentage of population
that declares delays in the payment of housing bills. Disproportionate expenditures that measure the
percentage of the population for which actual household energy expenditures (as a percentage of total
household income) is twice above the median. Hidden energy poverty measures the percentage of the
population for which the expenditure on domestic energy is below half of the national median.
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Second, the secondary indicators that consider causal factors such as energy prices, data on energy
labelling of buildings, energy costs per income quintile, among others. And complementary aspects
such as housing with a comfortable temperature in summer and winter, presence of leaks, humidity or
rot [11] (p. 32).

The results of several of these indicators available for Spain show that 4.6 million people were
unable to maintain their home at an adequate temperature, 3.6 million people did not pay the energy
bills in the established time, 2% of residents lacked in energy supply in 2016. This result places Spain
in an intermediate position among the EU member countries, however, it triples the energy poverty
rates of the countries of northern and western Europe as the Netherlands, Sweden, Denmark, and are
far from the incidence rates of 20, 30 and up to 40% present in the countries of southern and eastern
Europe such as Greece, Bulgaria, Lithuania, Croatia, Romania, Portugal [11].

Mendoza [12] propose the Compound Energy Poverty Indicator (CEPI) to analyse energy poverty
in the Canary Islands-Spain in the years 2006–2016, this indicator is the result of a combination of three
indicators, the 10% rule, Low Income/High Cost (LIHC) and After Fuel Cost Poverty (AFCP). As a
result of the application, it found that 11.4% of households in the Canary Islands in 2016 experienced
energy poverty.

Maxim [13] proposes the Compound Energy Poverty Indicator (CEPI) forecasting model, which
uses a multiple linear regression to establish to what extent and how energy poverty can be explained
and determined, as dependent variables of the model considers: People at Risk of Poverty or Social
Exclusion, Affordability of Energy and Heating System Efficiency — applied to 28 member states of
the European Union.

Garcia [1] proposes the method of Satisfaction of Absolute Energy Needs as a conceptual and
methodological framework to address energy poverty in Latin America. This proposal approaches
the Unsatisfied Basic Needs Method that is used by ECLAC to measure poverty. With this, it builds a
Household Energy Poverty Index (HEPI). Used this index for Mexico and find that it is a phenomenon
present in urban and rural areas. Energy poverty is in absolute terms higher in urban than in rural
areas; the data shows that 7.8 million urban households with 4.5 million rural households experienced
this type of poverty.

Kozulj [14], finds that energy poverty is different in rural areas and urban areas in Latin America
and the Caribbean. The type of deprivation that occurs due to the absence of monetary income and
access to essential public services, including energy, is different. As a consequence of the geographical,
cultural, climatic diversity and inequality that is not only manifested through access to the different
services, their relative cost and the more significant proportions of family income to meet energy needs,
but it is also evident through access to household equipment and communities, which in turn reflects
in the level of energy consumption.

He found that the weak strata consume 8 times less the amount of energy than the rest of the
social strata, but allocate a more significant proportion of their income to the payment of energy in
relation to the non-poor, the energy-income difference would be up to 13 times when analyzing the
households in the lower 20% of the income distribution in relation to the wealthiest 20%.

“The scarce and dissimilar information exists reveals that, in Latin America and the Caribbean,
the absence of electrical services is related to poverty, although in some cases it can also respond to
geographic isolation or other barriers to access. However, in 73% of the cases of poor households, that
lack of electricity is the main cause (suggesting that in that type of region) a little more than 10% of the
poor or, about 30% of the homeless, lack electrical services” [14] (p.13).

In addition to these indicators used in the measurement of energy poverty, it is worth mentioning
that there are others such as Energy Development Index (EDI) proposed by the International Energy
Agency (IEA), which measures progress in the transition to more modern and efficient fuels and
services. Multidimensional Energy Poverty Index (MEPI) proposed by Nusbaumer, Bazilian, Modi in
2012 [15] and Nusbaumer, Bazilian, Modi and Yumkella in 2011 [16], this indicator is the product of an
incidence rate (percentage of people identified as energy poor) times the intensity of deprivation of



Sustainability 2019, 11, 6320 6 of 19

the energy poor, classified in levels from moderate to severe. Multi-Tier Framework (MTF) proposed
by the World Bank. Energy Poverty Index (EPI) proposed by Mirza and Szirmai in 2010 [17] and
calculated in Nussbaumer et al. in 2013 [18], Fabbri (2015) for Italy [19] and Okushima (2017) for the
case of Japan [20].

The bibliographic review shows that there is no exclusive and consensual definition of energy
poverty and its form of measurement. The definitions vary according to the authors and the countries,
which implies a challenge in the measurement, setting of standards, minimum thresholds and baselines,
as well as the statistical systems necessary to size them.

However, as it can be seen in the literature, there is not a common method or procedure to
measure energy poverty. The heterogeneity comes from limitations in the availability of data as well
as the use of information coming from other’s purposes diversified sources (surveys) or instruments
for collecting information, such as the National Socio-Economic Characterization Survey (CASEN)
in Chile, Households Budget Survey in Mexico, the National Household Income and Expenditure
Survey (ENICH) in Spain, the Household Budget Survey (EPF) and the Living Conditions Surveys
(ECV), which provide information on income, education, health, living conditions and housing.
Although these surveys are representative at the national level, the information on energy expenditures
provided is not sufficiently detailed, obliging the researcher to model the information, resulting in
the non-comparability of results between countries and in many cases proposing a new measurement
methodology for energy poverty. This paper used a combined methodology to approach the energy
poverty in Ecuador and add additional evidence to the literature about how a Multidimensional index
could serve as a common method to follow this phenomenon.

The following sections present a description of the energy sector in Ecuador.

2.3. The Situation of the Energy Sector in Ecuador

According to the National Energy Balance [21] (the base year 2016), primary energy production
reached 229.4 thousand barrels of oil equivalent (BOE or Kbep), exporting 61%. The main sources of
primary production are fossil energy that together (oil 87.6% and natural gas 4.6%) represent 92.2%,
and renewable energy with 7.8% (hydropower 5.3%, firewood, products of cane, wind, solar, pine nut
oil and urban solid waste).

In 2016 [21,22], the main consumption sectors identified were: transport sector 48.8% of total
national energy consumption, industrial sector (15.7%), residential sector (13.3%), Commercial sector
(6.3%), agro-fishing and mining (1%) and others (1%), the self-consumption of the energy sector
represents 4.5%. The main energy consumed in the different sectors were diesel, gasoline and naphtha,
electricity, liquefied petroleum gas and fuel oil.

According to the Electricity Regulation and Control Agency [23], per capita consumption (kWh/hab)
in 2007 was 705.12, and in 2017, it was 1157.99. The energy service coverage reached 97.1% in 2016.

As the research seeks to measure energy poverty, information on energy consumption in the
residential sector appears below. As can be seen in Table 2, the sources of energy consumed come from
primary and secondary production. In 2016, this sector required 12.083 Kbep, representing 13.32% of
national consumption. Liquefied petroleum gas represents 51.24% of the total energy consumed by this
sector, followed by electricity with 36,43%, firewood with 12.3% and the remaining 0.03% corresponds
to other energy sources.
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Table 2. Energy consumption residential sector 2007–2016.

Energy Consumption by the Residential Sector (Kbep)

Consumption 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Natural Gas - - - - - - 0.5 0.5 2.2 3.3

Firewood 2.249 2.163 2.053 1.956 1.914 1.804 1.718 1.695 1.534 1.486

Primary Total 2.249 2.163 2.053 1.956 1.914 1.804 1.719 1.696 1.536 1.489

Electricity 2.537 2.717 2.895 3.169 3.315 3.488 3.644 3.943 4.292 4.402

Liquified gas 4.906 5.097 5.294 5.476 5.681 5.878 6.078 6.287 6.294 6.191

Kerosene/Jet fuel 3.1 2.2 1.6 1.2 0.7 0.5 0.4 0.3 0.2 0.2

Secondary Total 7.446 7.816 8.191 8.646 8.997 9.367 9.722 10.230 10.586 10.593

Final Consumption 9.695 9.979 10.244 10.602 10.911 11.171 11.441 11.926 12.122 12.083

Energy Consumption by the Residential Sector in Physical Units

Consumption 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Natural Gas by MMPC - - - - - - 3 3 13 20

Firewood by Kton 867 834 792 754 738 696 662 653 591 573

Electricity by GWH 4.095 4.385 4.672 5.114 5.351 5.629 5.881 6.364 6.928 7.105

Liquified gas thousands of Kg 643.005 668.070 693.896 717.650 744.579 770.340 796.644 823.955 824.899 811.388

Kerosene/Jet fuel thousands
of gallons 135 98 71 53 32 22 16 12 9 7

Source National Energy Balance 2017, p. 68.

2.4. Methodology

For the measurement of energy poverty, the application of indicators based on the expenditure
and income approach is proposed:

First, the 10% indicator originally proposed by Boardman [2] calculated as:

H∗∗ ≥ H =
Energy expenditure

household disposable income
(1)

where:

H = percentage of disposable income destined to the payment of energy
H ** = Standard percentage for energy expenditure (10% of the equivalent income)

Condition:

• If H > = H ** the household falls into energy poverty.
• If H < H ** the household does not fall into energy poverty.

Second, three of the four leading indicators proposed by the EPOV 2018, which are [11]:
• Delays in the payment of electricity bills, calculated as:

R =
Number of households with delayed electricity bills
Total number of households with electricity service

(2)

where:
R = percentage of households with delays in the payment of electricity bills in the reference period.

• Disproportionate expenditures [11]: which measures the percentage of households for which the
actual expenditures on domestic energy (as a percentage of disposable household income) is twice
above the median. That is, in Ecuador, the median energy expenditure per household is 2.19%
of its income; those households that allocate more than 4.37% of their annual income to energy
payments will be counted.
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• Hidden energy poverty [11]: which measures the percentage of households for which the total
expenditure on domestic energy is below half of the national median. That is, if the median energy
expenditure of the country is 156 dollars per household and year, those include all households
whose energy expenditure is less than 78 dollars per household and year.

“The indicators based on expenses and income normally allow considering all energy services to
the extent that they are reflected in the household budget” [11] (p.27). In this sense, for the calculation of
the expenditure on domestic energy in Ecuador, expenditure is added together the following variables:
electricity, domestic gas for cooking and other uses, coal, candles of any kind and fuel not destined
for a vehicle such as gasoline, diesel or Kerex of each household surveyed, when the indicated one
so requires.

For the calculation of disposable income, the sources of monetary income of households from
salaried employment, independent employment and income from other activities and income
deductions such as direct income taxes, mandatory and voluntary contributions to security are
considered, social, and contributions to associations—judicial retentions.

In the identification of households with delays in the payment of electric bills, the housing
database in the ECV, precise questions, was used: VI28—Do you pay for electricity? Which has three
possible answers (Yes, Yes with the rent, and No); the households that answered yes, if they also say to
be in rent, are selected. VI28A Value paid for electricity; in this case, the coding “does not inform” or
“did not pay last month” is considered household with delays payment. When the answer to question
VI28A is yes, it is considered a payment for electricity. The question VI28B gives the number of months
paid for electricity; in that case, the codification system proceeds in the same way as in VI28A regarding
the coding “does not inform” and “did not pay last month, as households with delays of payment”.

When the answer was “yes with the rent”, the identification of whether or not the household
has delayed the energy payment is evaluated taking into account the answer given to question VI37
(Did they pay last month for renting this house?). When the answer is no, the household has delays in
the payment of the electricity service; the opposite happens when the answer was yes.

Multidimensional Index Methodology

The multidimensional energy poverty index (MEPI) identifies multiple conditions associated with
energy poverty experienced by a household in terms of disposable income, expenditure on energy
(electricity, domestic gas for cooking and other uses, coal, candles of any kind and fuels not intended
for a vehicle such as gasoline, diesel or Kerex), delays in the payment of electricity bills. This index uses
microdata from LCS. The index construction follows the Alkire-Foster [24–26] methodology proposed
for the calculation of the multidimensional poverty index but adapting it to three indicators established
by the EPOV (2018) [11] and an indicator proposed by Boardman to measure energy poverty, which
imposes specific guidelines that the index must follow.

The MEPI is a limited index between 0 and 1 where one means that all households are energy
poor in the four selected indicators and 0 in case no household is multidimensional energy poor.

The multidimensional energy poverty index is estimated as the product of two measures. The first
is the incidence ratio (EPIR), which indicates how many households are multidimensional energy poor.
The second is the intensity ratio (IEP) that allows knowing the average of the conditions associated
with the energy poverty presented by these households. The Multidimensional Energy Poverty
Index (MEPI), then, is a measure that summarises the incidence and intensity of energy poverty. The
calculation of each of these measures is detailed below.

The synthetic measure is the multidimensional energy poverty index, calculated as the product of
the incidence by intensity. The formula is as follows:

MEPI = EPIR * IEP (3)

where:
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MEPI = Multidimensional energy poverty index
EPIR = Energy poverty incidence rate
IEP = Intensity of energy poverty among the energy-poor

The energy poverty incidence rate is a percentage of households that are in energy poverty times
the total number of households in the country. The incidence formula is as follows:

EPIR =
q
n

(4)

where q is the number of households identified as energy poor (according to the score associated with
energy poverty > 0.25), and n is the total households.

The calculated measure does not allow to know how poor these households are from the energy
perspective, or in which indicators these households are energy-poor. Therefore, although the incidence
ratio would decrease, the final multidimensional index would remain in the former values, or even it
may increase.

The intensity of energy poverty makes it possible to determine the total number of households
under energy poverty and the conditions determining the reasons for energy poor. The formula for
intensity is as follows:

IEP =

∑q
1 qi ∗ ci∑q
1 qi ∗ k

(5)

where: qi is the household identified as energy-poor according to the number of conditions associated
with energy poverty that are presented (in this paper 2, 3 or 4), ci is the sum of the scores associated
with energy poverty calculated for the household identified in energy poverty, and k represents the
number of indicators (in this paper 4).

2.5. Data Resources

The source is a set of cross-sectional data for the year 2014 from the Living Conditions Survey of
Ecuador (LCS) [27,28]. This survey provides annual data on income, expenditures, socio-demographic
characteristics of a theoretical sample of 29.870, of which 1.8% are missing data in the system for
households that were not able to calculate disposable income due to lack of information, and 2.9% are
missing data for households that were not able to calculate energy expenditure. The missing data will
make the cases valid for analysis differ when information from one or a combination of variables must
be applied.

Consumption and income aggregate databases are constructed to obtain the variables of electricity
expenditure, fuel expenditure and disposable income per household. The methodological guidelines
proposed by the National Statistics and Census Institute of Ecuador (INEC) [29–31], the Economic
Commission for Latin America and the Caribbean (ECLAC) [32], the World Bank (WB), the International
Labor Organization (ILO) [33] and the final report of the Canberra Group on statistics relating to
household income (CG) [34], all them are followed to build the database.

Descriptive statistics of variables from 2014 are in Table 3; there is a large gap between the mean
values of the input-output variables and the maximum values (or the minimum values), which means
that there are significant differences in the inputs and outputs across Ecuador provinces.



Sustainability 2019, 11, 6320 10 of 19

Table 3. The statistical description of input-output variables for 2014.

Year Statistics Expenditure Disposable Income

2014

Median 156.00 7106.00

Standard deviation 184.08 15,710.90

Maximum 3.00 −984.00

Minimum 1872.00 453,772.96

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.

3. Results and Discussion

3.1. Results of the Four Indicators of Energy Poverty

In this section presents the results of the four indicators, the analysis is carried out from a household
income perspective, depending on the territorial scope and some socio-demographic characteristics.

The results of Table 4 provide evidence of the incidence of energy poverty in Ecuador. As is
evident, the indicators are complementary to each other, measure different circumstances, experiences
and ways to deal with energy vulnerability.

Table 4. Households experiencing conditions associated with energy poverty in Ecuador (2014).

Indicators Valid Cases Households in Conditions
Associated with Energy Poverty

Energy Poverty
Rate

Delayed payment of
electricity bills 3916.748 144.456 3.70%

Disproportionate energy
expenditure 4134.611 969.011 23.40%

Hidden Energetic
Poverty 4241.408 671.987 15.80%

10 % indicator
(Boardman) 4134.611 329.638 8%

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.

Households that did not pay any of the receipts for electricity service on time represent 3.7%
(144.456) of households nationwide in 2014, of which 75.9% (109.612) had two and three months late in
the last twelve months.

The low percentage of unpaid invoices would be partly explained by the high economic charges
associated to both the non-payment on the established deadline (interest for late payment, cost of
collection management) which is followed by the suspension of the service, and the high percentage of
households that pay its accounts on time (high collection rate of the electric companies). For example,
the Electricity Quito Company that provides the electric service to the provinces of Pichincha and
Napo presented an average level of collection for the sale of energy in 2014 of 99.21% [28].

Sanctions are based on the Organic Law of Public Energy Services [35–37] in force, in Article 71
“Suspension of services” literal 1, and in the Regulations to the Electricity Regime Law, in Article 17
“Coactive Jurisdiction.”

In 2014, expenditures on domestic energy (electricity, domestic gas for cooking and other uses,
coal, candles of any kind and fuel not destined for a vehicle such as gasoline, diesel or Kerex) for 23.4%
(969.011) of Ecuadorian households they were disproportionately high in relation to their income
and with respect to the national median of expenditure (that is, the percentage of income dedicated
to paying for energy exceeded twice the national median). Besides, 15.8% (671.987) of households
had unusually low energy expenditures (their household expenditure was below 50% of the annual
median); this is so-called hidden energy poverty. The households that experienced both conditions
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were 19.719, that is to say, they had disproportionately high expenses (concerning income) when those
expenses are at the same time unusually low compared to the national median of energy expenditure.

The 10% indicator (Boardman’s rule) shows that 8% of households would have experienced
energy poverty in 2014.

The limitations in the information in the LCS in the “real energy expenditure” is relevant when
interpreting the results. Lack of data may generate the number of households falling into conditions
associated with energy poverty to be underestimated, as the value reported by families is the amount
paid and not the actual value of consumption given the existence of subsidies (for instance cross-subsidy
and dignity rates). Besides, households would reduce energy consumption to avoid high bills. This
difference is fundamental when it comes to an understanding and comparing the results of the
application of the indicators. This hypothesis would be part of future research.

The disaggregation of the indicators by region and urban, rural location shows that households in
the Sierra and Amazon rural areas are more vulnerable to experiencing energy poverty than urban ones
in the four indicators analysed. On the Coast, indicators of hidden energy poverty, disproportionate
energy expenditures and delays in payment of receipts coincide in the fact that households located in
the rural area experienced greater energy poverty. Among the rural areas categories in Table 5, the
rural area of the Amazon is the one that shows in the Boardman indicators, disproportionate energy
expenditures and delays the highest percentage of households in energy poverty, and households
located in the rural Costa region for the hidden energy poverty indicator. Also, the indicators show
that energy poverty is present in all regions and urban or rural areas and with it, the existence of a
spatial dimension.

Table 5. Household experiencing conditions associated with energy poverty in Ecuador (2014).

Region and
Location

Number of Households Experiencing Conditions Associated with Energy Poverty
in Ecuador (2014)

10 % indicator
(Boardman)

Hidden Energetic
Poverty

Disproportionate
Energy Expenditure

Delayed Payment of
Electricity Bills

Number of
Households by Area

Number of
Households by Area

Number of
Households by Area

Number of
Households by Area

Sierra 144,056 7.50% 225,118 11.40% 409,310 21.30% 66,079 3.40%

Urban 63,370 5.20% 93,004 7.30% 209,163 17.10% 21,575 1.70%

Rural 80,686 11.60% 132,113 18.80% 200,148 28.70% 44,504 6.60%

Coast 166,505 8.30% 404,445 19.60% 513,398 25.50% 69,194 3.80%

Urban 120,799 7.90% 248,893 15.80% 387,639 25.30% 49,380 3.40%

Rural 45,705 9.40% 155,552 31.80% 125,759 26.00% 19,814 5.60%

Amazon 18,938 9.90% 41,673 21.60% 45,794 24.00% 9,146 5.30%

Urban 3918 5.30% 12,713 17.00% 12,031 16.30% 2,237 3.00%

Rural 15,020 12.90% 28,960 24.60% 33,763 29.00% 6,909 7.00%

Galápagos 140 1.70% 751 9.00% 508 6.20% 38 0.40%

Urban 89 1.80% 472 9.50% 356 7.30% 13 0.20%

Rural 51 1.50% 279 8.30% 152 4.60% 25 0.70%

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.
Bold data refers to the total in each province.

When analysing only by region, the results present fundamentally different realities that correspond
to different manifestations of energy poverty; the Coast is the one with the highest percentage of energy
poverty in the indicator of disproportionate energy expenditure (25.5%). While in the indicators:
hidden energy poverty (21.6%), delays in the payment of receipts (5.3%) and Boardman (9.9%) identify
the Amazon with a higher percentage of energy poverty.
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The provinces that experienced the highest incidence of energy poverty according to indicators:
Boardman, hidden energy poverty and disproportionate energy expenditures were Chimborazo,
Bolívar, Loja, Esmeraldas, Santa Elena, Manabí, Los Ríos, Morona Santiago, Orellana, when analysed
with each of the regions. Regarding the provinces that presented more payment delays, Azuay,
Chimborazo, Cotopaxi, Esmeraldas, Los Ríos, Morona Santiago, Napo, Orellana, Pastaza, Zamora
Chinchipe. All these provincials have a high incidence of energy poverty, as the high coefficients than
the national average estimated in each indicator, suggest.

Results above emphasise the need to consider local–territorial conditions for the measurement
and interpretation of the results. An example of this is that in many cases, cultural conventions
are determinants in energy consumption, a factor that is not present in the measurement of the
indicators applied.

The analysis by socio-demographic conditions of the household confirms specific patterns of
vulnerability to energy poverty. Three categories of households stand out: the unipersonal older adults,
the bi-parental older adults without children, single-parent and bi-parental with two and more children,
this when analysing the indicators: Boardman’s rule, hidden energy poverty and disproportionate
energy expenditures. When analysing electricity payment delays, two categories appear, single-parent
and two-parent with two or more dependent unmarried children.

On the other hand, if analysed by income level, it can be seen in Table 6 that households classified
between the 1st and 40th percentile experienced in greater proportion energy poverty in the four
indicators. In this regard, a question arises as to how far households in the highest income percentiles
are in energy poverty.

Table 6. Percentage of households experiencing conditions associated with energy poverty in Ecuador
(2014) by percentile rank.

Rango de
Percentile

10 % Indicator
(Boardman’s Rule)

Hidden Energetic
Poverty

Disproportionate
Energy

Expenditure

Delayed Payment
of Electricity Bills

1st to 20th
percentile income 36.40% 29.10% 70.70% 4.80%

21st to 40th
percentile income 3.30% 23.10% 24.90% 4.60%

41st to 60th
percentile income 0.80% 14.30% 15.20% 3.80%

61st to 80th
percentile income 0.10% 9.20% 5.70% 3.40%

81st to 100th
percentile income 0% 3.80% 2.10% 2.30%

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.

The result shows that each of the indicators proposed by the EPOV measure different conditions
associated with energy poverty. So why not build an index that adds to these indicators, which allows
a joint analysis of the incidence.

3.2. Steps in the Calculation of MEPI.

Each household is classified as poor (or no-poor) in energy, depending on whether or not
the built indicators rate them: Boardman’s rule (10%), delays in the payment of electricity bills,
disproportionate expenses, and hidden energy poverty (selected indicators considering the principles
of information availability, accuracy and parsimony) and then add them to a national measurement of
multidimensional energy poverty.
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In the case that it is required to build the four indicators for previous years, it is relevant to
mention that, as of 2004, the National Institute of Statistics and Census of Ecuador, made updates to
the sources of information collection of the Living Conditions Surveys. Also, in 2000, Ecuador replaced
the official currency (the ’sucre’) to the US dollar. Therefore, not all indicators can be recalculated.

A value is assigned to each household when it has or has not experienced any of the conditions
associated with energy poverty according to each of the four indicators of the index (1 when it
experiences conditions associated with energy poverty and 0 when it does not). The maximum score is
one, and each indicator receives the same weighting; therefore, the maximum score on each indicator
is 41/4 that is, each indicator weights 0.25, considering that each of the indicators has some influence in
the final index.

The thresholds of the indicators used are those proposed by the EPOV (2018) in disproportionate
expenditures twice the median in energy expenditure, in hidden energy poverty half of the national
median of energy expenditure, and in delays one month and more [11]. In total, 10% of the disposable
income suggested by Boardman [2] is the indicator used related to the income variable.

The scores for each household are added to identify households in multidimensional energy
poverty. For the distinction between energy-poor and non-energy poor, a value higher than 0.25 is
used as a cut-off point. If the result obtained is higher than 0.25, the household is in conditions of
multidimensional energy poverty. Households with 0.25 conditions associated with energy poverty
are vulnerable or at risk of falling into multidimensional energy poverty.

The missing values in each of the estimated indicators are considered as an ignored response;
therefore, not knowing the situation of that household, it is not considered as a condition associated
with energy poverty. In aggregate, the base presents 1.8% of cases lost, that is, the household without
information cannot classify as in multidimensional energy poverty, so it is not necessary to perform
bias analysis of missing values (just when this missing data exceed 15%).

The number of conditions calculated in this paper is 2, 3 and 4, with k = 4 number of indicators,
all of them showed in Table 7.

The multidimensional energy poverty index is a complement to the forms of measurements of
this phenomenon. The measurement for the Ecuadorian case year 2014 implied the construction of the
variables required for the estimation of selected indicators using of Living Conditions Survey, even
though this survey was not designed for this purpose. Therefore, it is essential to mention the index is
subject to continuous improvement and this first version would be seen as the beginning of an analysis
and adjustment process in the construction of the indicators used, as well as the exploration of the
feasibility of adding the other indicators proposed by EPOV in this index for the Ecuatorian case.

Table 8 shows the results of the MEPI expressed in terms of households; in 2014, 1.3% of households
nationwide are in conditions of multidimensional energy poverty. Similarly, the results of the two
components of the MEPI, the EPIR that measures in terms of households shows that 10% of the
households experienced conditions associated with energy poverty and the IEP, expressed in average
percentages, shows that at least 1.3% households would be energy poor.

The consistency of the proposed index was evaluated by performing two types of variations.
First, the four indicators were classified into three dimensions, income (one indicator), expenditure
(two indicators) and delays in the payment of bills (an indicator), considering the methodology
for their measurement, with which the maximum weight assigned to each dimension. It was 31/3.
Second, the cohort threshold was increased to identify poor energy households weighted to 0.33. With
these variations, the result obtained from the MEPI did not change, which suggests it validates the
index consistency.

Households located in the Sierra region fall to a higher percentage (47.0%) in multidimensional
energy poverty (see Table 8), compared to those of the Costa which represents 45.7% and the Amazon
with 8.3%. When analysing by rural-urban area, there is a clear difference between the Sierra and
Amazon regions, rural households fall by a more significant percentage (100%) in multidimensional
energy poverty, while urban homes on the coast are 77.8% (see Table 9).
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Table 7. A hypothetical example of the calculation of the multidimensional energy poverty index.

Number of Households (n) 1 2 3 4

K = 4 Indicators The value assigned to households Weight

1 10% Income (Boardman) 0 1 1 0 0.25

2 Hidden energy poverty 1 1 1 * 0.25

3 Disproportionate expenditures 0 * 1 1 0.25

4 Delays in payment of housing bills 1 1 1 0 0.25

Weighted conditions associated with energy
poverty (c) 0.5 0.75 1 0.25

The home is energy-poor? (c>,25) Yes Yes Yes No

Number of households in energy poverty (q) (1 + 2 + 3) = 6
(the result of the sum of the Yes)

Total number of households (n) (1 + 2 + 3 + 4) = 10

Incidence rate (q/n) 6/10 = 0.6

Households identified as energy-poor
according to the number of conditions
associated with energy poverty 1 2 3

Intensity IEP =
∑q

1 qi∗ci∑q
1 qi∗k

5/24 = 0.208

Numerator (1 × 0.5) + (2 × 0.75) + (3 × 1) = 5

Denominator (1 + 2 + 3) × 4 = 24

Multidimensional Energy Poverty Index
0.6 × 0.21 = 0.125(incidence rate multiplied by intensity)

1 = Yes identified in the condition associated with fuel poverty; 0 = No identified in the condition associated with
fuel poverty; * ignored answer is not a condition associated with poverty. Source Living Conditions Survey—Sixth
Round, November 2013—October 2014 (INEC) Prepared by the authors.

Table 8. Multidimensional energy poverty index for Ecuador in 2014.

Total number of households valid for measurement (n) 4269.135

¿The home is energy-poor?

Si(q) 427,720

No 3841.416
Incidence rate EPIR = q/n 0.1

Intensity IEP =
∑q

1 qi∗ci∑q
1 qi∗k

0.13

Numerator

C q c*q

0.5 387,019 193.510

0.75 39,259 29.444

1 1442 1.442

Total numerator
q∑
1

qi ∗ ci 224.395

Denominator

Number of Households Identified in Energy Poverty (q) 427,720

Number of Indicators (k) 4

Total Denominator 1710.878

Multidimensional Energy Poverty Index (EPIR*IEP) 0.013

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.
Bold is used to highlight the relevant numbers in the table.
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Table 9. Multidimensional energy poverty by region and area, 2014.

Region and Location MPEI MPEI

(#) %

Sierra 678 47.00%

Urban - 0%

Rural 678 100.00%

Coast 639 45.70%

Urban 497 77.80%

Rural 142 22.20%

Amazon 125 8.70%

Urban -

Rural 125 100.00%

Galápagos -

Urban -

Rural -

Total 1442

Source Living Conditions Survey—Sixth Round, November 2013—October 2014 (INEC) Prepared by the authors.
Bold data refers to total in every province

The provinces of Cotopaxi (23.3%), Los Ríos (26.6%), Guayas (17.8%), present a large number
of households identified in multidimensional energy poverty, those that should be prioritized in the
implementation of public policy.

The results show that single-person households (57.4%) are more vulnerable to falling into energy
poverty, followed by single parents, two parents with one child and more, two parents without children.
Additionally, all households identified in multidimensional energy poverty belong to the 1st through
20th percentile of the disposable income distribution.

Table 10 presents the structure of the Multidimensional Energy Poverty Index proposed in this
research and the “Multidimensional Energy Poverty Index” proposed by Nussbaumer [15,16,18]. The
structure in this paper follows the EU Observatory recommendations while the Nussbaumer’s is based
on data availability issues to define the weights. Differences would be as complementary, and results
would support the formulation of public policies.

Table 10. Multidimensional Energy Poverty Indexes.

MEPI- Nussbaumer * MEPI- Porposed

Indicators Weight Indicators Weight

Modern Cooking fuel 0.20 10% rule 0.25

Indoor pollution 0.20 Hidden energy
poverty 0.25

Electricity access 0.20 Disproportionate
expenditures 0.25

Household appliance ownership 0.13 Delays in payment
of housing bills 0.25

Entertainment education appliance ownership 0.13

Telecommunication means. 0.13

Souces, * Nussbaumer et al. 2013, p.2063, Nussbaumer et al. 2011, p.9. Prepared by the Author.
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4. Conclusions

This research seeks evidence of the presence of energy poverty in Ecuador for the year 2014, for
this, it applies four indicators, three of which were proposed by the European Union Energy Poverty
Observatory (EPOV), and one proposed by Boardman (1991). The results show that energy poverty is
present in Ecuadorian households, nationwide. Rural households have experienced greater energy
poverty than those located in the urban area.

Specific results indicate that, in Ecuador, energy poverty is a phenomenon present in urban and
rural areas. Energy poverty is, in absolute terms, higher in rural than urban areas. It affects thousands
of households, some of which are in greater vulnerability as they have lost regular access to electricity
supply due to non-payment of bills.

A total of 144,456 households, equivalent to 3.7% of households nationwide, would be experiencing
conditions associated with energy poverty. Domestic energy expenditures for 23.4% of households
were disproportionately high to their income and the national median. 15.8% of households had
low energy costs, and 8% experienced conditions associated with poverty or are in energy poverty
in 2014. Bi-parental, single-parent and single-person households are the most likely to experience
this phenomenon. Furthermore, households located between the 1st and 40th percentile have a
higher incidence.

It is difficult to estimate an index of energy poverty that can be measured and evaluated not only
at the country level, but within each of the provinces, especially when its measurement is subject to the
use of a precise definition of the concept of energy poverty that influences the results. This issue raises
the need to continue advancing in the development of methodologies that look for evidence of the
existence and consequences of energy poverty.

It is necessary to apply a battery of indicators and not only use a single indicator to measure
energy poverty, to reduce the risk of generating a distorted image by ignoring unidentified vulnerable
social groups.

It is necessary to establish regulatory frameworks for the protection of poor consumers to guarantee
access to clean, efficient and modern energy sources at affordable prices, which may involve the
incorporation of subsidies.

Of the 427,720 households that experienced conditions associated with energy poverty, the
empirical exercise can identify 1.442 (1.3%) as multidimensional energy-poor households. This figure
represents the most vulnerable population and should be prioritized in the design and implementation
of public policy [8,23].

The implementation of public policies implies:
First, the availability of statistical data to identify households living in energy poverty, through

the establishment of a robust system that allows the periodic calculation of indicators and their
dissemination by the National Institute of Statistics and Censuses.

Second, to carry out an analysis of the energy consumption of the residential sector in Ecuador, by
energy sources, final uses and zoning, which allows the identification of changes in consumption habits.

Third, the regulation of cross-subsidies, a dignity tariff, that allows the identification of vulnerable
consumers and the design of different levels of social bonus for energy-poor households.

Fourth, to visualise energy poverty in energy consumption regulations, including specific legal
treatment for vulnerable consumers.

With this, a National Strategy against Energy Poverty could be established, based on an open and
plural participative process.

The results obtained show the relevance of introducing and strengthening energy poverty as a
line of research and as an axis of analysis in development plans in Ecuador. As well as the need to
refine or design a new instrument for collecting information that is required to measure energy poverty,
which implies a direct link between National Institute of Statistics and Census and the companies that
supply the energy services.
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