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Abstract 

This study was conducted in response to the need to integrate the existing methods for 
assessing urban deprivation in European cities and introduce in such analyses the fuel poverty-
related factors that induce it. Poor residential building thermal quality in the least advantaged 
neighbourhoods is a significant vector in inhabitant vulnerability. As this cross- cutting, 
complex problem must be broached comprehensively and on an urban scale, a methodology is 
proposed that would include a multidimensional fuel poverty index for application to deprived 
neighbourhoods. The method is illustrated with a case study for the city of Madrid, Spain. Data 
published by the country’s Urban Deprivation Observatory were cross-referenced with those 
from earlier studies to quantify fuel poverty and determine its spatial distribution. In future 
the findings will be related to basic indicators to formulate the nationwide list of deprived 
neighbourhoods and to the results of other fuel poverty-specific methodologies, from building 
energy inefficiency to those addressing causes and consequences. In addition to including the 
specifics of fuel poverty in urban deprivation analysis, the findings suggest that data from the 
observatories participating in the Urban Poverty Partnership might be cross-referenced with 
those of the EU’s Energy Poverty Observatory (EPOV). 

Keywords: Fuel Poverty, Urban Deprivation, energy efficient refurbishment, deprived 
neighbourhoods, Comprehensive Neighbourhood Regeneration. 
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1. Introduction 

A growing number of European Union Member States are creating national observatories of 
deprived urban areas or neighbourhoods to analyse poverty in cities (Córdoba Hernandez et 
al., 2018). In Spain the definition of urban deprivation used by the Observatorio de la 
Vulnerabilidad Urbana draws from the definition proposed by Julio Alguacil: 

Discontent generated in cities by a combination of multiple dimensions of disadvantage in 
which any hope of upward social mobility, of surmounting social or near social exclusion, is 
viewed as extremely difficult. Rather, the perception is the contrary, the fear of possible 
downward social mobility, of a worsening of one’s present standard of living (Hernández Aja 
et al., 2018b). 

Consequently, applying a spatial perspective to this complex issue helps identify deprived 
neighbourhoods as places characterised by the accumulation of difficulties determined by the 
presence of a combination of socio-demographic (ageing, immigration, ‘atypical’ 
households…), socio-economic (job instability, unemployment, lack of qualifications…), 
residential (living conditions, indebtedness, overcrowding, accessibility, urban environment…) 
and subjective (feelings of insecurity, exclusion, isolation…) factors. 

Today fuel poverty can be defined as a situation in which a household cannot afford the energy 
needed to meet domestic needs and/or must devote an inordinate proportion of its income to 
pay its energy bill (Tirado et al., 2018). An initial definition deemed fuel poverty to exist when 
over 10 % of household income was required to maintain a suitable indoor temperature 
(Boardman, 1991) and came to be known as the ’10 % rule’. In the wake of that first proposal, 
the definition of fuel poverty has been the object of in-depth analysis, evolving around the 
idea of energy justice and the right to energy (Gillard et al., 2017): 

[A household’s] inability to attain a socially and materially necessitated level of domestic 
energy services (Bouzarovski and Petrova, 2015). 

The causes are associated with building energy inefficiency, energy costs and household 
income, vectors that tend to be inter-related. Vulnerable social groups are the ones with the 
lowest incomes: over-65s, lone-parent families, unemployed, welfare recipients. In Spain the 
percentage of the population below the poverty line grew by 25 % between 2004 and 2015 
(Aristondo and Onaindia, 2018). In most cases, moreover, low-income families live in buildings 
with insufficient thermal insulation (Lelkes and Zólyomi, 2010). Proposals for improving energy 
efficiency in buildings must bear in mind the following key socio-economic particulars (Oteiza, 
I. et al., 2018). 

 For people with limited resources, refurbishment cannot be justified primarily on the 
grounds of energy savings. Arguments invoking long-term benefits are unconvincing 
for people bearing immediate economic deprivation. And as studies in Germany have 
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shown (Galvin and Sunikka-Blank, 2013), actual post-reform energy savings are lower 
than theoretically expected, owing in part to the pre-reform constraints on energy use 
by deprived households, for want of resources (precast effect).  

 The elderly, in turn, may be scantly persuaded by reasoning based on property 
revaluation or investment amortisation. The United Kingdom has begun to 
acknowledge the specific needs of certain social groups such as the elderly and the 
chronically ill, who require higher-than-average comfort temperatures (Walker and 
Day, 2012). Given Europe’s ageing populations, the size of the continent’s vulnerable 
demographic sectors may be expected to grow. 

Further to the literature on the factors that determine residential energy use, socio-economics 
and demography have a powerful impact on consumption. Statistical studies focusing 
exclusively on socio-economics identify the size of the household as the most influential 
variable. Other studies also include an analysis of building characteristics, determining their 
energy efficiency to have a direct effect on thermal energy consumption, whereas socio-
economic conditions are significantly correlated to power consumption. That same conclusion 
is drawn by studies conducted in European countries with widely varying climates, such as The 
Netherlands (Brounen et al., 2012), Sweden (Wahlström and Hårsman, 2015) and Italy (Besagni 
and Borgarello, 2018). European-scale research detects particularly severe deprivation in 
energy use in eastern and southern EU countries (Bouzarovski and Tirado Herrero, 2017) and 
suggests that the austerity policies introduced after the economic crisis hinder the 
implementation of ambitious energy refurbishment programmes in those countries (Dubois 
and Meier, 2016). In the specific case of the Mediterranean climate, there is great concern 
about the problem of fuel poverty depth, despite its milder climate conditions (Healy, 2004). 
This circumstance can be observed in the many studies carried out in different countries such 
as Greece (Center for Renewable Energy Sources ans Saving (CRES), 2014), Croatia (Vlahinić 
Lenz and Grgurev, 2016), Italy (Fabbri, 2015), Spain (PHIMISTER et al., 2015), Portugal (Simoes 
et al., 2016) and France (Belaïd, 2018); being Spain one of the countries where the problem is 
most addressed (Ecoserveis, 2018). In southern Europe and especially in Spain, poor 
construction quality is a factor to be borne in mind, as pointed out in (Healy and Clinch, 2004). 

The choice of indicator to quantify fuel poverty weighs heavily on the results. One interesting 
approach to the problems encountered when defining fuel poverty on the grounds of the 
percentage of income spent on energy, such as the ‘10% rule’, contends that such a premise 
excludes households whose low consumption fails to meet their basic energy needs (Moore, 
2012). The use of multiple indicators aims to ensure such vulnerable sectors are not excluded 
from support programmes (Tirado, 2017). That study suggests including other deprivation 
factors in the analysis, including standard household budgets to differentiate between low-
income households and high income families with inordinate energy consumption. From that 
perspective, application of the 10 % rule calls for studying an overly large number of cases 
(Romero et al., 2014). Risks must be assessed with compound indices that cover the socio-
economic causes and consequences in disadvantaged areas. 

The development of multidimensional assessment methods is underway in a number of 
European countries, including Portugal (Gouveia et al., 2019), United Kingdom, Spain (Castaño-
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Rosa et al., 2019a) and Greece (Papada and Kaliampakos, 2019), to detect fuel poverty in 
different national circumstances. In their review of the most prominent indicators developed 
to date, (Castaño-Rosa et al., 2019b) analyse the approaches of the most commonly used 
quantitative indicators: the 10 % rule, 2M1, MIS2, LIH3, ARCP4 and HEP5. They conclude that 
scant attention is presently paid to building characteristics, even though some authors have 
identified building intervention as the primary long-term solution to fuel poverty problems 
(Hills, 2012). Other empirical studies identify a need to define housing energy demand to 
calculate the minimum expense required to ensure what the MIS defines as decent conditions 
(Romero et al., 2018). Whilst the thermal quality of housing must be analysed as a factor 
weighing heavily on the risk of fuel poverty, it cannot be disassociated from the socio-
economic context. As noted in a study conducted in Germany, an object-oriented database is 
necessary to record the spatial overlap between energy and social issues (Großmann et al., 
2014). The geographic identification of overlapping problem areas would help steer the scant 
available resources to areas where vulnerability, lower quality of life and energy injustice co-
exist (Robinson et al., 2018).  

The methodologies proposed to date for assessing the circumstances of fuel poverty 
households in Madrid are based on the Household Budget Survey, an in-depth study of income 
and expenses (Sánchez-Guevara et al., 2015). One study, based on the Urban Audit data 
(European Environment Agency, 2017) published by Spain’s National Statistics Institute (INE, 
2019) and information gathered with geographic information systems (GIS) identified urban 
areas with low income and high household energy costs (Martín-Consuegra et al., 2019).  

Table 1. Analysis of indicators by category in European national observatories (source: authors’ 
formulation) 

 
ECONOMIC 

INDEX 
ENVIRON-

MENTAL INDEX HEALTH INDEX 

PHYSICAL 
URBAN 

REGENERATION 
INDEX 

SOCIAL INDEX FUEL POVERTY 
INDEX 

Denmark X    X  
England X X X X X X 

France X   X X  
Holland  X X X X  
Ireland X   X X  
Italy X  X X X  
North Ireland X  X X X X 

Scotland X  X X X X 

Spain X   X X  
Welsh X  X X X X 

 

                                                            
1 High share of energy expenditure in income 
2Minimum income standard 
3Low-income high-cost 
4After fuel cost poverty 
5The name of the Hidden Energy Poverty indicator changed to Low share of energy expenditure in 
income (M/2), according to the EPOV “indicators and data” section: 
https://www.energypoverty.eu/indicators-data 



5 
 

Fuel poverty issues do not appear to have been addressed by other countries’ deprivation 
observatories. The review entitled ‘Urban poverty partnership: report about urban 
deprivation/poverty observatories in the European Union’(Córdoba Hernandez et al., 2018), 
shows that indicators focus on social, economic, and physical space issues. More detailed 
analysis of European observatories’ vulnerability indices reveals that despite the existence in 
several countries of indicators that might identify deprivation in this respect, only the British 
institutions include specific indicators for its assessment (Table 1). Examples include: ‘Houses 
without central heating: The proportion of houses that do not have central heating’ (England) 
(McLennan et al., 2019); ‘Proportion of the population living in households whose equivalised 
income is below 60% of the NI median’ and ‘Proportion of domestic dwellings without modern 
boiler or loft insulation and double glazing (Northern Ireland) (Northern Ireland Statistics and 
Research Agency, 2018); Persons in households without central heating’ (Scotland) (Scottish 
Government, 2016); and ‘Likelihood of poor quality housing’ (Wales) (Welsh Government, 
2020).  

2. Objectives 

This study consists in integrating fuel poverty studies with the existing information on deprived 
neighbourhoods furnished by Spain’s Urban Deprivation Observatory (Ministerio de Fomento 
and UPM, 2017). The inclusion of the Observatory’s socio-economic and residential data, 
which cover several decades, should enhance fuel poverty analysis. At the same time, the 
proposal defines energy indicators specific to a methodology designed to detect disadvantaged 
areas in cities. 

The study described hereunder aims to supplement an earlier spatial analysis of fuel poverty in 
Madrid. In that survey the distribution of energy costs were related to household income, 
census zone-by-census zone. It identified areas in which the costs of maintaining comfort in 
the average dwelling amounted to over 10 % of mean household income, inferring the 
existence of widespread risk of fuel poverty in such areas (Martín-Consuegra et al., 2019). 

Here the objective was to incorporate a multidimensional index covering social and economic 
particulars in building energy efficiency analysis. Such an approach would distinguish and 
exclude households able to afford their inefficiency-induced high consumption costs and focus 
on building inefficiency from the perspective of energy justice (Hiteva and Sovacool, 2017). The 
aim was to establish areas in refurbishment priority neighbourhoods identified in the deprived 
neighbourhood atlas (Hernández Aja et al., 2018b) where deprivation is aggravated by energy 
inefficiency. An index determining the severity of the problem was also sought. The 
methodology was applied on the census zone scale to study disadvantaged neighbourhoods in 
the city of Madrid. 
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3. Methodology 

 

Figure 1.Study flowchart (source: authors’ formulation) 

The methodology deployed in this analysis is summarised in Figure 1. The first step consisted in 
detecting deprived neighbourhoods with energy-inefficient buildings. A risk classification was 
then established for areas where the two problems overlap, drawing from the indicators in 
existing databases. The simultaneous use of such indicators served as grounds for composing a 
multidimensional fuel poverty index (in Spanish, Indicador Multidimensional de Pobreza 
Energética, IMPE6). The findings were subsequently applied to compare different fuel poverty 
detection methods and the intensity of urban deprivation. 

                                                            
6The Spanish term ‘pobreza energética’ encompasses two expressions normally used in English: energy 
poverty and fuel poverty. In this article it has been translated as fuel poverty, the conceit in place in the 
developed world (Bouzarovski and Petrova, 2015). 
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3.1. Deprived neighbourhoods 

 

Figure 2.Deprived neighbourhoods in Madrid in 2011 as listed by the Ministerio de Fomento’s (Spanish 
Ministry of Public Works) Deprivation Observatory (source: authors’ formulation based on (Hernández 

Aja et al., 2018b)(Hernández Aja et al., 2018a) 
 
The basic vulnerability indicators used in the atlas of deprived neighbourhoods, based on the 
latest population and housing census (INE, 2011), cover three dimensions of deprivation: two 
social (low schooling and high unemployment rates) and a third related to dwelling quality 
(building deficiencies) (Hernández Aja et al., 2018a). The first is deemed a contextual indicator 
that identifies education-related inequalities among new generations against the backdrop of 
other time-constant social realities. The second exemplifies today’s socio-economic and 
circumstantial context, assessing the persistence of disadvantage irrespective of the global 
nationwide indicator. The third assesses the deficiencies in the residential building stock. 
Deprived neighbourhoods were found to be more densely clustered in the southeast area of 
the city than observed in earlier studies (1991 and 2001) (Figure 2). 

3.2. Building energy inefficiency 

The areas with the least efficient buildings were detected at the census zone scale using a 
heating energy demand indicator calculated from the energy simulation of archetypal buildings 
and deploying statistical techniques to generalise the findings(Mata et al., 2014). In the case 
study of Madrid the procedure was applied to the open data contained in population and 
housing censuses (INE, 2011, 2001) to classify the city’s neighbourhoods on the grounds of the 
thermal quality of their residential buildings (Martín-Consuegra, F. et al., 2016). The energy 
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efficiency indicator was established by calculating heating demand, i.e., the amount of energy 
needed to ensure comfort in all the dwellings in a given census zone. Building thermal 
characterisation was based on year of construction and the energy efficiency legislation in 
effect in each period (Aksoezen et al., 2015). The archetypal buildings defined as 
representative of Spain’s existing housing stock were used in the first version of the ‘Report on 
cost optimal calculations and comparison with the current and future energy performance 
requirements of buildings in Spain’ (Ministerio de Fomento, 2013) to update the Energy 
Performance of Buildings Directive (European Parliament and UE Council, 2018). Further 
details can be found in earlier studies (Martín-Consuegra, 2014).  

 

Figure 3.Urban areas with energetically inefficient residential buildings 
(source: authors’ formulation based on Martín-Consuegra et al., 2016)(Martín-Consuegra, F. et al., 

2016). 
 

Large pockets of obsolete residential buildings were detected by analysing areas where most 
lack thermal insulation (Figure3), defined as those wholly constructed prior to 1979, when 
Spain’s first provisions on building energy efficiency entered into effect (NBE-CT-79, 1979). 
Studies based on samples of the existing residential stock show that practically no housing 
erected in that period is thermally insulated, for the buildings located in worker class outskirts 
are of poorer quality than those sited in the city’s central core (Oteiza, I. et al., 2018). 

This analysis of fuel poverty included a detailed study of energy spending to heat houses in the 
coldest months of the year, which in Madrid accounts for 55 % of total residential energy 
consumption and in Spain as a whole for 47 % (IDAE, 2011). That notwithstanding, political 
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debate has begun to explore the opposite problem, i.e., the need to maintain comfortable 
indoor conditions when outdoor temperatures are veryhigh. Whilst that issue is particularly 
significant in southern European countries, it also impacts the rest of the continent, where 
extreme summer heat waves are becoming more frequent. This study will be supplemented in 
future with an analysis of cooling-related fuel poverty.  

3.3. Deprived neighbourhood - energy inefficient area overlap 

The visualisation and spatial analysis of the information from the two sources mentioned in 
the title to this sub-section defined the census zones subject to both urban deprivation and 
energy inefficiency (Figure 4). 

 

Figure 4.Areas with inefficient building, deprived neighbourhoods and overlap between them 
(source: Author’s formulation) 

 

A total of 61 deprived neighbourhoods (DNs) were detected with pockets of inefficiency, 41 of 
which in neighbourhoods with persistent deprivation: areas listed as deprived in the atlas 
formulated on the grounds of the 2001 census and still so characterised (Hernández Aja et al., 
2015). The other 20 neighbourhoods were listed in the atlas for the first time in 2011, an 
indication of deterioration with the recent economic crisis, which induced a rise in the number 
of the city’s disadvantaged neighbourhoods (Figure 2). 
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Figure 5.Classification of deprived neighbourhoods by degree of building energy inefficiency 
(source: Author’s formulation 

 
A series of basic operations performed to verify the findings drawn from the aforementioned 
initial selection of deprived neighbourhoods with inefficient buildings led to the elimination of 
the areas where a substantial proportion of the residential buildings underwent energy 
refurbishment, as follows. 

 Comprehensive (CRAs) or urban (URAs) refurbishment areas are areas where 
energy efficiency improvements have been made (Hernández Aja et al., 2010). 
Based on those grounds the Orcasitas Este, La Elipa and Ciudad Pegaso 
neighbourhoods were excluded. The Atocha-Cortes, Argumosa and Lavapiés 
quarters in the central district were also excluded from the most energetically 
deprived areas, for substantial investment has been made under comprehensive 
refurbishment (CRA) measures. Such investment has favoured a rise in incomes in 
the city’s central areas, prompting debate in the scientific literature around the 
nature of the concomitant gentrification (García Pérez, 2014). The area is also 
home to a considerable number of pre-1940 buildings, often with thick walls and 
better thermal performance than those on the outskirts of the city dating from 
1940 to 1979. 

 The selection also excluded neighbourhoods benefitting from urban refurbishment 
consisting in building-wide outer thermal insulation, as observed in earlier studies 
based on the analysis of samples of public housing. Field visits conducted under 
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the REFAVIV project showed that outer thermal insulation was installed in pre-
1979 buildings in the Hellín quarter and large sections of the Amposta and La Elipa 
neighbourhoods (Oteiza, I. et al., 2018). Amposta was nonetheless included in the 
analysis as a deprived neighbourhood for, despite energy improvement in some 
building complexes, not all its inefficient buildings benefitted. A similar situation 
was identified in Portazgo, Caño Roto and Ciudad Los Ángeles. Only a few buildings 
have been refurbished in Villaverde Alto and San Cristóbal. 

These exclusions reduced the selection to the 54 deprived neighbourhoods with energy 
inefficiency problems mapped in Figure 5. 

3.4. Construction of a multidimensional index of fuel poverty from socio-
economic indicators 

A series of specific indicators was defined to identify and characterise the severity of the risk of 
fuel poverty in deprived neighbourhoods with inefficient buildings (Figure 5). Using 
information mainly drawn from the 2001 and 2011 population censuses (INE, 2011, 2001), the 
indicators were selected on the grounds of their relationship to the causes of fuel poverty 
(inefficient thermal facilities, high energy prices and low incomes). A fourth indicator was 
defined to accommodate the proportion of elderly residents, who are particularly vulnerable 
to the consequences of fuel poverty. Figure 6 maps the distribution in Madrid of the four 
indicators comprising the overall index developed. All the information obtained was entered in 
a GIS model for combination with the urban deprivation data. 

Low household income (Figure 6.1) 
One of the causes of fuel poverty is low household income. The urban areas included under 
this indicator were those identified through the EUROSTAT’s Urban Audit data (Eurostat, 
2018)to lie in the lowest income bracket in the city of Madrid (Ayuntamiento de Madrid, 
2018). Mean household rather than per capita income was adopted to refer to the fuel poverty 
problem, which is associated directly with housing. As a rule it applied to the deprived 
neighbourhoods clustering in the innermost periphery along the city’s southeast. 

High energy prices/costs (Figure 6.2) 
The theoretical cost of the mean energy bill by census zone, assuming heating demand to be 
met, was included in the model to assess the severity of fuel poverty. The mean energy bill for 
each zone was calculated in an earlier study to apply the 10 % rule method (Martín-Consuegra 
et al., 2019), drawing from building quality data (section 3.2) and the type of energy used for 
heating (INE, 2001). Further to that method, the yearly energy for an average dwelling in 
Madrid would range from €1702 for gas-fuelled to €2289 for electricity-fuelled heating. The 
mean for the city would be €1941, for 59 % of Madrid’s heating systems are gas-fired (INE, 
2001). The census zones with costs upward of that value were entered in the model, deeming 
their energy costs to be high or potentially high assuming they met the comfort levels laid 
down in the existing legislation (CTE-DB-HE, 2013). 

Energy inefficiency: unheated dwellings (Figure 6.3) 
An inefficient thermal facilities indicator was included to characterise the neighbourhoods with 
the poorest heating systems. The areas involved use ancillary devices for winter time heating, 
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such as braziers or butane-gas heaters or individual electrical radiators, all of which are scantly 
energy-efficient. According to the 2001 census (INE, 2001), a mean 20.25 % of Madrid’s 
dwellings had inadequate heating systems at that time. The census zones selected were the 
ones exceeding that mean value by over 150 % relative to the mean for the entire city: in other 
words, those with over 30.375 % of dwellings with no heating. The city’s central core and the 
oldest outskirts had the densest clusters of dwellings with inadequate facilities. 

Vulnerable population: over-65s (Figure 6.4) 
The areas of the city where energy deprivation is aggravated due to the advanced age of the 
population were identified from the 2011 population and housing census (INE, 2011). The 
census zones where the proportion of over-65s was more than 150 % higher than in the city as 
a whole were included. As the mean for Madrid in 2011 was 19 %, the zones selected had an 
elderly population of over 28.5 %. These areas were distributed indistinctly in all the outskirts 
with barely any presence in the centre.  

 

Figure 6. Distribution of fuel poverty indicators in Madrid: (1) low income, upper left; (2) high cost, 
upper right); (3) no heating, lower left; and (4) high proportion of over-65s, lower right 

(source: authors’ formulation using 2011 INE data) 

Composition of the multidimensional index 
The information compiled was applied to build an index (IMPE) for the deprived and inefficient 
neighbourhoods depicted in Figure 5, computing the number of indicators present in each 
neighbourhood. The severity of the problem was understood to depend on the indicators 
accumulating in a given area or census zone. The maximum intensity of risk of fuel poverty was 
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defined as the presence of all the indicators in the same census zone. The high energy cost 
indicator was observed to be closely related to inadequate heating facilities, although it also 
depended on poor building thermal quality, with a high proportion of non-insulated buildings 
(Figure 3). 

4. RESULTS 

The multidimensional fuel poverty index (IMPE) consolidated all the urban information about 
residential building energy inefficiency in a single value, including the quality of the thermal 
envelope and the absence of adequate heating facilities. It also contained information on the 
energy sources (electricity or gas) used, calculated from the estimated cost of the energy 
required to establish comfort conditions as set out in the applicable legislation (CTE-DB-HE, 
2013). Socioeconomic indicators such as low income and ageing population were also 
included, although confined to deprived neighbourhoods (Figure 5) to guarantee that only the 
city’s most disadvantaged areas were analysed (Figure 7).  

 
Figure 7.Deprived neighbourhoods and specific indicators for detecting fuelpoverty 

(source: authors’ formulation)  
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Table 2.Severity of risk of fuel poverty in deprived and inefficient neighbourhood (source: Author’s 
formulation) 

ID NAME OF NEIGHBOURHOOD GROWTH DRIVER POP PRMRY 
DWLNG 

DEPRIVA-
TION CL 

IMPE 
 

FUEL 
POVERTY CL 

06 Puente de Segovia-Imperial Urban expansion 8905 3945 MiD 3 SEp 
08 Atocha-Renfe Urban expansion 6300 2945 MoD 3 SEp 
10 Chopera Mixed development 9085 4205 MiD 4 CEp 
11 Delicias Urban expansion 13 770 6575 MiD 3 SEp 
12 Legazpi Urban expansion 12 445 5135 SD 2 MoEp 
15 Lerida-Castillejos Peripheral parcelling 9930 4725 MiD 2 MoEp 
21 Barrio del Pilar Development 1960-75 6600 2910 MoD 3 SEp 
22 Herrera Oria Development 1960-75 3835 1625 MiD 1 MiEp 
23 Ventisquero de la Condesa Development 1960-75 3805 1715 MoD 5 CEp 
24 Fuencarral Public dvpmnt 1940-60 3890 1630 MoD 4 CEp 
25 Ofelia Nieto Mixed development 3765 1670 MoD 4 CEp 
26 Quemadero Peripheral parcelling 5655 2585 CD 2 MoEp 
30 Caño Roto Development 1960-75 4100 1720 CD 2 MoEp 
31 Aluche Development 1960-75 4920 1935 SD 5 CEp 
32 Colonia Jardín Development 1960-75 5430 2410 SD 3 SEp 
33 Las Águilas Development 1960-75 7775 3175 MoD 2 MoEp 
36 Opañel Mixed peripheral 14 160 5985 SD 5 CEp 
38 Abrantes Sur Public dvpmnt 1975-90 3710 1490 MoD 4 CEp 
39 Torres Garrido-Pan Bendito Public dvpmnt 1975-90 10 420 3825 CD 4 CEp 
40 Carabanchel Alto Village annexure 11 815 4790 SD 3 SEp 
41 Moscardó ‘Garden city’ 5600 2320 SD 1 MiEp 
42 Almendrales Mixed, peripheral 7470 3105 CD 3 SEp 
44 Plaza Elíptica Development 1960-75 4280 1785 MoD 5 CEp 
47 Orcasur Public dvpmnt 1975-90 6515 2295 MoD 3 SEp 
49 Orcasitas Oeste Public dvpmnt 1975-90 11 950 4835 MiD 2 MoEp 
55 Portazgo Private dvpmnt 1975-90 10 105 4165 MoD 5 CEp 
56 ParqueAzorín Mixed peripheral 6820 2885 SD 4 CEp 
58 Picazo Peripheral parcelling 9585 4005 CD 5 CEp 
59 Entrevías Oeste Public dvpmnt 1940-60 16270 6730 MoD 5 CEp 
60 Alto del Arenal Mixed, peripheral 5515 2235 MoD 4 CEp 
61 Entrevías Este Public dvpmnt 1940-60 7875 3100 MoD 5 CEp 
62 Palomeras Sureste Public dvpmnt 1975-90 12 040 4595 MoD 2 MoEp 
63 Palomeras 1-Luis Buñuel Public dvpmnt 1975-90 12 035 4710 MoD 3 SEp 
64 Jardín de Palomeras-Villalobos Public dvpmnt 1975-90 12245 4655 SD 3 SEp 
65 Pozo del TíoRaimundo Public dvpmnt 1975-90 4065 1475 MoD 1 MiEp 
66 Moratalaz Development 1960-75 3500 1650 MoD 4 CEp 
67 Fontarrón Development 1960-75 4650 1975 SD 3 SEp 
70 Ascao Mixed, peripheral 3830 1595 MoD 2 MoEp 
71 Canillas Public dvpmnt 1940-60 3900 1835 MoD 2 MoEp 
72 Poblado Absorción Hortaleza Public dvpmnt 1940-60 4380 1745 MoD 4 CEp 
73 Ciudad de los Ángeles Development 1960-75 5555 2470 MoD 4 CEp 
74 El Cruce Development 1960-75 6130 2410 MoD 3 SEp 
75 Villaverde Bajo Development 1960-75 11840 4655 CD 3 SEp 
77 Villaverde Alto Este Village annexure 5815 2225 CD 4 CEp 
79 Villaverde Alto Sur Village annexure 12 535 5140 CD 4 CEp 
80 San Cristóbal Public dvpmnt 1940-60 14 785 5100 CD 4 CEp 
81 Villa de Vallecas Casco Norte Village annexure 7725 3160 SD 3 SEp 
82 Villa de Vallecas Casco Sur Village annexure 4515 1785 SD 3 SEp 
84 Congosto Village annexure 10 410 4140 MoD 5 CEp 
85 Vicálvaro Village annexure 25 005 9890 SD 5 CEp 
86 Simancas Public dvpmnt 1940-60 7965 3515 MoD 5 CEp 
87 Arcos Development 1960-75 7925 3160 MiD 3 SEp 
88 Amposta Public dvpmnt 1940-60 11 290 4860 CD 5 CEp 
90 Canillejas Development 1960-75 4405 1690 SD 0 - 
* Urban deprivation CL: MiD: mild; MoD: moderate; SD: severe; CD: critical. Fuel poverty CL: MiEp (1): mild risk; MoEp (2): 
moderate risk; Sep (3): severe risk; CEp (4-5): critical risk. IMPE: multidimensional fuel poverty index 
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The risk of fuel poverty in all the deprived neighbourhoods with a high concentration of 
inefficient residential buildings was classified depending on the co-existence of the various 
IMPE indicators to determine the severity of fuel poverty risk (FUEL POVERTY CL). 

The neighbourhoods in which all four IMPE indicators were applicable were deemed to be at 
high risk of fuel poverty (Table 2). Where the IMPE indicators coincided in the same census 
zones, an overlap indicator was added in the understanding that those zones were at highest 
risk (IMPE=5) due to the interaction of the risk vectors. That situation was found in 12 deprived 
neighbourhoods, affecting a population of 125 670. Simancas was the neighbourhood with the 
largest population subject to overlap among the four fuel poverty indicators. At the other end 
of the scale, Canillejas was the sole deprived neighbourhood where none of the indicators was 
applicable (IMPE=0). 

Applying the Ministry of Public Works’ multi-criterion classification to the entire set simplified 
the analysis by placing each neighbourhood in one of five urban vulnerability categories 
(DEPRIVATION CL): Non-deprived neighbourhoods; Mildly deprived neighbourhoods (MID); 
Moderately deprived neighbourhoods (MoD); Severely deprived neighbourhoods (SD); and 
Critically deprived neighbourhoods (CD). The table in the Annex gives detailed information on 
the risk of fuel poverty indicators for the 54 neighbourhoods where urban deprivation 
overlapped with building energy inefficiency. The information furnished for each urban 
deprivation indicator is shown in comparative terms to be able to diagnose specific problems 
in each neighbourhood.  

5. Discussion 

Figure 7 maps the fuel poverty indicators comprising the IMPE in the 54 deprived and energy-
inefficient neighbourhoods identified, which served as a basis for the detailed analysis of the 
risk of fuel poverty in each shown in Figure 8. Information on the risk of fuel poverty is related 
to urban deprivation for those areas in Figure 9 to compare the two issues (Table 2). The 
particulars compared included population, number of primary dwellings and urban 
morphology as reflected in the field ‘growth driver’. 

5.1. Neighbourhoods affected 

Fuel poverty-related problems were observed to cluster most intensely in certain urban 
environments. Of the 54 deprived and energy inefficient neighbourhoods sited on the outskirts 
of Madrid, 25 were found to be subject to all four risk of fuel poverty indicators. The 
information for those neighbourhoods is shaded in the darkest colour in Table 2 and on the 
map of Madrid in Figure 10. Persistent deprivation was detected in 17 of these areas, whilst 
eight were not identified as deprived until the latest census in 2011. 

The areas at highest risk of fuel poverty were observed in the innermost periphery, just 
outside the city’s M30 ring road. Most were built between 1940 and 1979. Seven of the 25 
neighbourhoods with high risk of fuel poverty indices (IMPE≥4) were built as public 
developments between 1940 and 1960, five were built as residential developments between 
1960 and 1975, five as a mix of development types and four consisted in villages annexed by 
the capital city (Table 2). The Puente de Vallecas district was the one most severely affected 
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(six deprived neighbourhoods with IMPE≥4). Zones with high indices were also observed in 
Villaverde (four DNs with a IMPE of 4 or over), Carabanchel (3 DNs with IMPE4), San Blas-
Canillejas and Fuencarral-El Pardo (two DNs each with IMPE4). Of the 25 deprived 
neighbourhoods with areas at high risk of fuel poverty, six were subject to critical urban 
deprivation (CD), four to severe deprivation (SD), 14 to moderate (MoD) and only one to mild 
(MiD) deprivation. 

The central district, while exhibiting high energy costs and a lack of heating facilities, did not 
have a large proportion of low income or vulnerable over-65 populations. For those reasons 
the centre was not deemed to be an area at risk of fuel poverty. Studies of the demographic 
structure of central Madrid have observed consolidated gentrification in these areas, 
identifying regeneration and refurbishment as drivers of that process (García Pérez, 2014). Nor 
was risk (of fuel poverty) observed to be high in the areas of earliest urban expansion. Only 
four such areas were found on the southern edge of Arganzuela district (Figure 10: cases 6, 8, 
10 & 11), where considerable investment for regeneration has been made since the 2011 
census. As a rule these areas are not characterised by low-income bracket households. In 
addition, the higher quality of and better heating facilities in these buildings than those in the 
centre or built on the outskirts from 1940 to 1980 redound to lower energy bills (Oteiza, I. et 
al., 2018). Recent studies of short-term rentals have found that the practice is spreading from 
the centre into these areas, which has translated into urban transformation and a rise in 
housing prices and rents (Garcia-Ayllon, 2018). The presence of over-65s is the sole indicator 
applicable indistinctly to all these areas of urban expansion. In the city’s outer periphery, 
where construction is more recent (post-2000), the buildings are fitted with some energy 
efficiency features. 

The identification of such areas is requisite to legitimising refurbishment policies from the 
perspective of energy justice and preventing the transition to a more sustainable urban model 
from exacerbating deprivation in the most disadvantaged neighbourhoods (Grossmann, 
2019a). Extrapolating from the conclusions drawn in analyses of the residential segregation in 
German cities following on energy refurbishment (Großmann et al., 2014; Wolff et al., 2017), 
some of the neighbourhoods defined here to be at high risk of fuel poverty might be 
candidates for ‘ecological gentrification’. Such concerns must be addressed when planning 
refurbishment, particularly in neighbourhoods flanking city centres (Figure 10: cases 15, 38, 41, 
42, 44 & 66). The aim is to prevent low-income households unable to make the necessary 
investment from being obliged to move to areas with poorer housing after energy 
improvements are in place (Grossmann, 2019b).  

Nearly all the areas where the four fuel poverty indicators overlap with inefficient construction 
are located in deprived neighbourhoods, an indication that the two issues are inter-related. 
Only five census zones with inefficient buildings and all four fuel poverty indicators were 
located outside a deprived neighbourhood or statistical area. In all, then, the population not 
living in such deprived areas but at high risk of fuel poverty comes to 3705 or 3 % of the 
population living in deprived neighbourhoods with four overlapping indicators. As fuel poverty 
is consequently an indicator related to urban deprivation, possible solutions must address the 
two problems simultaneously. 
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5.2.  Intensity of urban deprivation in areas at risk of fuel poverty 

Table 3 summarises the information on urban deprivation indicators for the neighbourhoods at 
greatest risk of fuel poverty. 

Table 3. Information on deprived neighbourhoods with four fuel poverty indicators (IMPE≥4). 
 (source: authors’ formulation) 

ID DISTRICT NAME OF 
NEIGHBOURHOOD 

LSR 
2011 

UNEMR 
 2011 

DCR 
2011 

ACCR 
2011 

DEPRIV 
CL 2011 

Fuel 
Pov CL 

POP 
2011 

PRMR
DWLG 
2011 

10 2 Arganzuela Chopera 7.14 13.35 17.86 10.94 MiD CEp 9085 4205 

23 8 Fuencarral El 
Pardo 

Ventisquero de la 
Condesa 17.87 17.54 4.60 39.94 MoD CEp 3805 1715 

24 8 Fuencarral El 
Pardo Fuencarral 16.52 20.79 0.00 29.45 MoD CEp 3890 1630 

25 9 Moncloa 
Aravaca Ofelia Nieto 8.59 22.86 27.96 41.32 MoD CEp 3765 1670 

31 10 Latina Aluche 10.84 44.11 0.00 100.00 SD CEp 4920 1935 

36 11 Carabanchel Opañel 12.46 22.33 18.67 58.65 SD CEp 14160 5985 

38 11 Carabanchel Abrantes Sur 17.50 39.53 15.48 30.87 MoD CEp 3710 1490 

39 11 Carabanchel Torres Garrido-Pan 
Bendito 16.43 31.73 24.42 59.48 CD CEp 10 420 3825 

44 12 Usera Plaza Elíptica 8.85 44.86 2.09 38.94 MoD CEp 4280 1785 

55 13 Puente de 
Vallecas Portazgo 19.45 24.45 14.45 33.01 MoD CEp 10 105 4165 

56 13 Puente de 
Vallecas Parque Azorín 16.68 31.20 1.72 45.93 SD CEp 6820 2885 

58 13 Puente de 
Vallecas Picazo 24.17 33.37 23.57 72.66 CD CEp 9585 4005 

59 13 Puente de 
Vallecas Entrevías Oeste 19.71 29.23 9.96 41.31 MoD CEp 16 270 6730 

60 13 Puente de 
Vallecas Alto del Arenal 19.54 35.18 11.59 9.17 MoD CEp 5515 2235 

61 13 Puente de 
Vallecas Entrevías Este 23.69 25.57 21.48 47.74 MoD CEp 7875 3100 

66 14 Moratalaz Moratalaz 16.54 14.37 0.00 43.64 MoD CEp 3500 1650 

72 16 Hortaleza Poblado Absorción 
Hortaleza 20.63 35.45 26.25 15.41 MoD CEp 4380 1745 

73 17 Villaverde Ciudad de los 
Ángeles 16.58 25.99 1.55 38.46 MoD CEp 5555 2470 

77 17 Villaverde Villaverde Alto 
Este 18.77 32.43 5.66 59.55 CD CEp 5815 2225 

79 17 Villaverde Villaverde Alto Sur 18.25 32.44 9.45 75.49 CD CEp 12 535 5140 

80 17 Villaverde San Cristóbal 19.76 41.48 39.00 75.00 CD CEp 14 785 5100 

84 18 Villa de 
Vallecas Congosto 19.10 25.63 2.19 49.28 MoD CEp 10 410 4140 

85 19 Vicálvaro Vicálvaro 17.08 27.48 1.90 66.03 SD CEp 2 5005 9890 

86 20 San Blas 
Canillejas Simancas 18.32 27.35 6.19 51.21 MoD CEp 7965 3515 

88 20 San Blas 
Canillejas Amposta 17.35 33.72 12.22 75.41 CD CEp 11 290 4860 

        TOTAL 215 445 88095 

* Urban deprivation class: MiD, mild; MoD, moderate; SD, severe; CD, critical. Fuel poverty class: MiEp (1,: mild risk; MoEp (2), 
moderate risk; SEp (3), severe risk; CEp (4-5), critical risk; IMPE: multidimensional fuel poverty index: LSR: low schooling rate; 
UNEMPR, unemployment rate; DCR, deficient conservation rate; ACCR, poor accessibility rate. POP: population; PRMRDWLG: 
Primary dwellings 
 

In all, 215 000 people (6 % of Madrid’s population) and 88 000 primary dwellings may be at 
severe risk of fuel poverty. A detailed analysis of the IMPE indicators in each deprived area 
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Figure 9. The 91 deprived neighbourhoods defined by the Ministerio de Fomento’s Observatory and 

listed in its 2011 atlas, classified by the intensity of social and residential deprivation  
(source: authors’ formulation based on Hernández Aja et al., 2018b) 

 
Figure 10. Detail of severity of fuel poverty in DNs with inefficient buildings 

(source: authors’ formulation) 
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Critical levels of urban deprivation concurred with critical fuel poverty indices (IMPE≥4) in six 
neighbourhoods. Maximum urban deprivation indices were recorded for all the factors 
analysed in these areas (Torres Garrido-Pan Bendito, Picazo, Villaverde Alto Este, Villaverde 
Alto Sur, Amposta and San Cristóbal). All were likewise impacted by the other major problem, 
attributable to the energy inefficiency of their housing: the risk of fuel poverty. The six had a 
large proportion (around 20 %) of residents with scant schooling and major accessibility 
constraints (from 60 % to 80 % live in buildings with more than three storeys and no lift). In 
addition, half of these neighbourhoods had a high percentage of residential buildings in poor 
condition. In contrast, none exceeded the deprivation indicator associated with the 
unemployed population, despite their high unemployment, with rates of over 30 % (and in San 
Cristóbal, 41 %)7. The growth drivers, in turn, exhibited substantial variability: village annexure 
by Madrid in two cases (Villaverde Alto Este and Villaverde Alto Sur), public developments 
constructed between 1940 and 1960 in another two (San Cristóbal and Amposta), peripheral 
parcelling inone (Picazo) and public development built between 1975 and 1990 in another 
(Torres Garrido-Pan Bendito). The inference would appear to be that urban morphology is not 
a determinant in energy deprivation. The construction period is a key factor, however, for 
most of the buildings involved were erected prior to 1979. Another significant characteristic is 
the persistence of deprivation. All six neighbourhoods were listed as deprived in the 2001 
census (INE, 2001), an indication that they are located in chronically and deeply deprived areas 
where context plays a significant role.  

5.3.  Comparison of IMPE to income and expenses (10 % rule) 

A comparison of the methodology described hereunder (multidimensional index) to the 10 % 
approach developed earlier (Martín-Consuegra et al., 2019) elicits a series of considerations. 
The latter method defines a larger number of urban areas at risk of fuel poverty, some of 
which are not in deprived neighbourhoods. The deprived neighbourhoods with high 
multidimensional fuel poverty index values do, however, include areas detected with the 10 % 
method. Moreover, neither the IMPE nor the 10 % rule identified a single district within the 
city’s central core as being at widespread risk of fuel poverty (Figure 11).  

                                                            
7That fairly surprising result is attributable to the way the deprivation indicators were defined, i.e., 
relative to the nationwide mean. The high unemployment prevailing in southern Spain raised the 
national rate to 42 %.  
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Figure 11.Comparison between multidimensional index and 10 % rule 
(source: authors’ formulation) 

 

6. Conclusions  

A GIS tool-mediated spatial analysis of the statistical information available served as a basis for 
identifying areas with intersecting indicators to calculate a multidimensional fuel poverty index 
that classifies urban areas in terms of risk concentration. The index, applied here to areas of 
the city of Madrid subject to fuel poverty, supplements an earlier analysis based on the 10 % 
rule by factoring in related socio-economic information. The risk of fuel poverty mapped for 
the entire city showed the areas where the severity of the risk, based on four indicators, 
compounds the problem of building envelope inefficiency. Data on neighbourhoods listed as 
deprived were then entered into the model to detect those also characterised by inefficient 
buildings and determine their IMPE (multidimensional fuel poverty index). 

The fuel poverty index classification (FUEL POVERTY CL) detects risk severity in vulnerable 
neighbourhoods and identifies the vectors causing fuel poverty: elderly residents, low-income 
households, high energy costs and inappropriate heating facilities. The inclusion of information 
on urban vulnerability (DEPRIVATION CL) relates these energy needs to other deprivation 
vectors such as level of schooling, unemployment rate, buildings in poor condition and factors 
limiting housing accessibility. Cross-referencing all this information favours comprehensive 
energy improvement planning that explores each specific neighbourhood’s problems, set 
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against the backdrop of their respective urban fabric. The parameters examined include basic 
building maintenance, intervention on envelopes and the need to improve thermal facilities 
and accessibility. Socio-economic relief measures such as subsidies to cover the lowest income 
households’ energy costs, training and employment plans or care for the elderly are also found 
to be relevant.  

Nearly all the areas in the city of Madrid found here to be at risk of fuel poverty are listed in 
Spain’s atlas of deprived neighbourhoods. Despite the independence between the 10 % and 
IMPE approaches, the consistency of their findings attests to the high correlation between 
urban deprivation and fuel poverty in Madrid. A future edition of the atlas could consequently 
include the energy-related considerations discussed in this article, which might then constitute 
new vectors for urban research and intervention. None of the previous updates to the atlas 
(1991, 2001, 2011) has addressed fuel poverty indicators, even though they are as significantly 
representative of household vulnerability as immigration or the percentage of the residential 
stock with deficient accessibility (lack of a lift for primary dwellings in buildings with more than 
three storeys). 

National observatories such as Denmark’s Ghettoliste, Ireland’s Pobal and The Netherlands’ 
Leefbaarometer, members of the Urban Poverty Partnership, furnished the detailed 
information on disadvantaged neighbourhoods in European cities compiled in the ‘Report 
about urban deprivation/poverty in the EU’ (Córdoba Hernandez et al., 2018). Initiatives are 
also underway to estimate energy demand in European cities on the urban scale in a context of 
the spatial distribution of energy inefficiency. One example is the Pan European Thermal Atlas 
(PETA), which contains data on thermal demand in much of Europe (Halmstad University, 
2017). Thanks to the existence of such sources the methodology proposed here for Madrid can 
be exported to other EU regions.  

The conclusion drawn from the content of the report is that although the national 
observatories analysed applied different variables some, such as employment or household 
income, were common to most. Fuel poverty is an issue that will intensify in urban 
environments, given today’s harshening scenarios of energy transition and climate change, 
along with socio-demographic considerations (population ageing) and socio-economic factors 
(urban segregation). 

The high correlation between neighbourhoods listed as deprived by Spain’s Ministry of Public 
Works and the concentration of the population affected by fuel poverty suggests the 
advisability of tackling the two problems with joint policies. A comprehensive approach would 
appear to be more necessary than ever. Nonetheless, no energy efficiency indicator forms part 
of today’s methodology for assessing urban deprivation. In light of rising household energy 
costs, the application of an index such as the one proposed in this paper to future analyses 
might prove useful. To be able to compare this index to the information in the atlas of 
deprived neighbourhoods, it must be aligned with the criteria governing atlas methodology. 
Once such adjustments are made, it could be included among the key indicators of the 
conditions that induce the perception of insecurity so often associated with urban deprivation. 
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In Madrid fuel poverty clusters primarily on the outskirts of the city in areas constructed 
between 1940 and 1979, as well as in annexed villages. Neither of the two methodologies 
applied to the city detected a single census zone at risk within its central core. Further to those 
approaches, Centro, Retiro, Salamanca and Chamberí are all free of pervasive fuel poverty. 
That does not mean that such circumstances do not exist in those districts, but only that the 
problem is sporadic. Remediation policies should be tailored to each situation. 

The inclusion of urban deprivation factors in energy inefficiency analysis facilitates 
comprehensive diagnosis of the associated urban environmental problems. Neighbourhood 
energy refurbishment plans should draw from socio-economic studies to enhance the 
likelihood of success. The present methodology is apt for inclusion in tools specifically 
intended for urban regeneration in deteriorated areas of the city. 

Fuel poverty is a key consideration when seeking to improve indoor environmental quality and 
should be borne in mind when designing urban refurbishment. Although building quality and 
their surrounds are issues that impact fuel poverty, they are not presently included in the 
indicators deployed to define and quantify the problem. The tools for detecting fuel poverty 
must be structured to accommodate urban planning and architectural factors, which could be 
addressed to advantage in the indicators presently under development by the UE Energy 
Poverty Observatory (EPOV) to assess fuel poverty across Europe. 
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