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Abstract – The energy poverty derived from socio-economic imbalances affects mostly 
households with fewer economic resources, being social housing complexes one of the most 
vulnerable sectors. The insufficient access to energy and the incapability to maintain 
dwellings at an adequate temperature can have negative impact on people’s health due to the 
prolonged exposure to poor hygrothermal conditions. Therefore, the prioritization of building 
retrofitting actions must be carried out regarding the actual state of the housing and the 
family economy. This paper proposes the definition of a prioritization map that gave a general 
knowledge of the energy vulnerability situation of the existing building stock. To this end, the 
dwelling’s energy performance is analysed, focusing on the correlation among its 
characteristics and the energy vulnerability of its inhabitants. In this way, dwellings with high 
energy poverty potential are identified in order to develop different energy retrofitting 
strategies. By applying this method to 14 case studies of social housing in Bilbao, Spain, it was 
obtained a prioritization map with six levels of vulnerability that can serve as a tool for public 
entities to design their future strategies. It has been proven that building compactness and 
year of construction are important factors with a great impact on the heating demand and 
final consumption in dwellings. Acknowledging the vulnerability context of the building stock 
eases the decision-making process and the definition of intervention guidelines, prioritizing 
those in a situation of greater vulnerability. 
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1. INTRODUCTION  

1.1. Background 

There is a socio-economic imbalance which mostly affects households with fewer economic 
resources, being social housing complexes one of the most vulnerable sectors. 
The insufficient access to energy and the incapability to maintain dwellings at an adequate 
temperature [1] results into energy poverty, which depends on three main factors [2]: 

− Energy cost; 
− Low incomes; 
− Low energy efficiency of dwellings. 

A prolonged exposure to poor hygrothermal conditions in dwellings can have negative 
impact on people’s health. Consequently, there is a high correlation between inadequately 
heated or low indoor temperatures and Excess Winter Death rates [3] (EWD), which is also 
strongly linked to high poverty rates, inefficient building stock and high energy costs [1]. 
Building deficiencies and the difficulty or high cost of its refurbishment affect respiratory 
and cardiovascular health during winter periods, while high indoor temperatures may cause 
diseases and increase mortality due to cardiovascular causes [4].  

There are two widely recognised measurement approaches for energy poverty assessment 
[5]: household income/expenditure-based indicators [6], [7], and consensual indicators based 
on responses to material deprivation questionnaires [8]. The challenge with these 
measurement approaches lies in the source of data used for the analysis. In most cases the 
expenditure gathered in the Household Budget Surveys of each country's statistical offices is 
taken for reference [9], however, as many households limit their energy consumption to meet 
other needs, the indicators may not reflect the real energy demand. Sánchez-Guevara [10] 
developed an energy poverty methodology based on minimal thermal habitability conditions 
that gathers climatic, building and socioeconomic particularities of the country. The method 
is focused on the energy expenditure required to achieve minimal thermal habitability 
conditions in low income dwellings. 

Several studies analysing the relationship between energy poverty and monetary poverty 
suggest that low-income households are at greater risk of being in a situation of energy 
vulnerability [11], [12]. In this context, there has been a steady rise in the expenses/income 
ratio in Spanish households related to the increase in household energy consumption per 
family unit and per person between 2006 and 2012, according to the 2018 Energy Poverty 
Report [9]. 

One of the measures to alleviate this situation is the energy social subsidy, however, several 
authors propose housing renovation and energy efficiency improvement as an appropriate 
measure to reduce energy poverty [13], [14], with an improvement of the building 
hygrothermal performance. Increasing building’s energy efficiency and reducing dwelling’s 
primary energy consumption can play an important role in governments' energy targets [15]. 

Among the large amount and variety of buildings with potential for energy improvement, 
social housing complexes are notable case where refurbishment is a priority due to the socio-
economic vulnerability of its residents. There are several difficulties in defining intervention 
strategies in these buildings, requiring a quantitative method of analysis to assess the needs 
of these households. 

This research extends its scope to the city of Bilbao, north of Spain, as the architectural and 
construction typologies analysed are those representatives of a city, and hence, the 
conclusions can be extrapolated to other cities and countries. Acknowledging the 
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vulnerability context of the building stock eases the decision-making process and the 
definition of intervention guidelines, prioritising those in a situation of greater vulnerability. 

1.2.  Objectives 

This paper proposes the definition of a prioritization map that gives a general knowledge 
of the energy vulnerability situation of the existing building stock. To this end, the dwelling’s 
energy performance is analysed, focusing on the correlation among its characteristics and the 
energy vulnerability of its inhabitants. In this way, dwellings with high energy poverty 
potential are identified in order to develop different energy retrofitting strategies. To achieve 
the main objective of the research, the following objectives are attained: 

− identifying the physical parameters of the building that influence dwelling’s heating 
demand. The study focuses on the passive aspects and does not include active 
conditioning systems; 

− analysing the level of impact of the characteristics of buildings on the heating 
consumption and demand; 

− determining to what extent the heating demand can be, along with the income and the 
price of energy, an indicator for evaluating the degree of vulnerability of a household. 

In addition to the prioritization map, two partial results are obtained: annual heating demand 
and cost calculation model and adapted energy poverty assessment for the case of Bilbao and 
the Autonomous Community of the Basque Country. 

2. APPROACH  

2.1. Energy Poverty Assessment 

Energy vulnerability assessment is based on the energy poverty assessment graph proposed 
by Sánchez-Guevara [10], according to income/expenditure-based indicators, which 
incorporates the climatic, building and socioeconomic characteristics of the country and the 
region in the analysis. The method includes monetary and fuel poverty indicators: 

− monetary poverty: based on the Eurostat methodology, where the poverty threshold is 
defined as 60 % of the median household income; 

− energy poverty: following the trend of studies and first proposed by Boardman [6], it 
takes 10 % of income as the monetary poverty threshold and sets 20 % as severe energy 
poverty and 5 % as vulnerability to energy poverty [10], as it follows: 

 Energy consumption Energy cost 10 %
Income

⋅
>  (1) 

Since we only want to consider heating cost for energy vulnerability assessment, it is 
necessary to set the appropriate percentage for the threshold, as Sánchez-Guevara [10]. 
In Fig. 1 the one on the left represents the starting model, where the dwelling’s total energy 
expenditure is considered. The one on the right shows one of those defined by Sánchez-
Guevara for the Mediterranean climate, where the annual heating and cooling expenditure is 
considered. 
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Fig. 1. Energy poverty assessment for total energy expenditure (left), and Energy poverty assessment for the Mediterranean 
climate (right) [10].  

2.2. The Influence of Building Characteristics on Heating Demand 

The thermal performance of a building depends on various parameters that can be classified 
into two major groups: design-physical factors of the environment and occupation factors 
[16] that have an effect on energy use of a 42 % and 4.2 %, respectively [17]. 
After considering these values, it was decided to analyse the environmental and design 
parameters to evaluate the impact of the building characteristics and demand on the energy 
vulnerability of households. 

Bektas et al. [18] summarizes the parameters that affect building’s thermal performance: 
physical and environmental parameters (outdoor temperature, solar radiation and wind 
direction and speed) and design parameters (shape factor, transparent/opaque surface, 
orientation, thermal properties of building materials, and distance between buildings). 

Building envelope characteristics have a direct effect on the thermal performance. 
Within these parameters, the ratio between transparent and opaque surface represents an 
impact of 20 % on the cooling demand and 11 % on heating demand [19]. 

The shape of the building influences the amount of solar radiation it receives and its energy 
consumption, in particular, Elasfouri et al. [20] suggested that the radiation reaching the 
building can increase the cooling demand by up to 25 %. Depecker et al. [21] defined the 
relationship between building shape and energy demand, and concluded that for cold climates 
energy consumption is proportional to compactness (m3/m2). A correct combination of the 
shape factor (ratio of length to depth of the building) and orientation can result in 36 % energy 
savings [22].  

Several studies have investigated the relationship between urban compactness and access 
to the sun of urban areas [23], [24]. Salvati et al. [25] suggested that an increase in density in 
certain urban areas can lead to an increase in heating demand due to a decrease in solar 
radiation. However, for densities above 40 %, the intensity of the heat island effect is greater 
than the reduction in solar radiation. These parameters evidence the importance of building 
design for energy saving, by applying passive design solution and using right materials and 
design tools [26].  
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3. METHODS AND METHODOLOGY 

The method is divided in three stages. In the first stage, an adaptation of the energy poverty 
assessment method was made, which relates the equivalent heating cost to the equivalent 
annual income of the household. In the second stage, the influence of the physical 
characteristics of the buildings on the heating demand is analysed, with energy simulations 
and theoretical results from previous studies. Finally, 14 case studies are evaluated in order 
to spot possible cases of energy vulnerability and necessity of intervention, and compared in 
a prioritisation classification. 

3.1. Adjusting the Energy Poverty Assessment 

Sánchez-Guevara’s [10] energy poverty assessment measurement parameters include the 
particularities of each location. Therefore, a specific adjustment was required for the case of 
Bilbao and the Autonomous Community of the Basque Country (CAPV). 

Firstly, the energy poverty threshold was adjusted, as the 10 % of the total income estimated 
to cover the energy needs of a household. Table 1refers to total expenditure per household 
(€) and includes consumption associated with sanitary hot water, lighting and domestic 
appliances. In the energy vulnerability assessment, only the energy consumption for heating 
is considered, so it is necessary to set an appropriate percentage for the threshold, as Sánchez-
Guevara exposed [10]. To this end, energy consumption in dwelling was determined by 
equipment and energy source, using data from the Basque Country on household energy 
consumption according to the SPAHOUSEC project, carried out by the “Instituto para la 
Diversificación y Ahorro de la Energía” (IDAE) [27]. 

Subsequently, the energy expenditure of the dwelling was calculated based on the state 
energy price, as shown in Table 1. The energy consumption and expenditure were calculated 
using the following data: 

− Dwelling energy consumption; 
− Domestic hot water (DHW), heating and cooking systems, by energy source; 
− Energy costs; 
− Dwelling energy expenditure; 
− Heating expenditure. 

The percentage of heating expenditure determines the energy poverty threshold. This value 
was calculated using energy price from Eurostat. The results established an energy poor 
household when the expenditure on heating was higher than 3.4 % of the income. 

TABLE 1. AVERAGE ENERGY CONSUMPTION AND COST PER HOUSEHOLD LOCATED IN BIZKAIA [27] 

Final use Energy 
Consumption, kWh 

Energy 
Consumption, % Energy Costs, € Energy Costs, % 

Heating System 4142.73 40.10 659.62 33.59 

Domestic Hot Water 2262.49 21.90 288.19 14.68 

Cooking Systems 1239.72 12.00 271.78 13.84 

Cooling Systems 10.33 0.10 2.86 0.15 

Lighting 392.58 3.80 108.74 5.54 

Electrical appliance 2283.15 22.10 632.43 32.21 

Total 10 331.00 100.00 1963.62 100.00 
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The monetary poverty threshold was calculated according to Sánchez-Guevara [10], as 
60 % of the median income according to Eurostat methodology. Afterwards, data was taken 
from the Household Budget Survey [28] defined for each autonomous community. 
The average income for Bilbao was taken as the monetary poverty threshold. The monetary 
poverty values and the energy poverty thresholds were then transferred to the energy poverty 
assessment graph, adapted for the case of Bilbao. 

 
Fig. 2. Energy Poverty Assessment model for Bizkaia, based on the energy poverty methodology proposed by  
Sánchez-Guevara [10].  

Once the method has been adjusted to the location chosen for the study, it is possible to 
develop the energy poverty assessment with household’s annual income and heating costs 
data, as shown in Fig. 2. According to their ubication in the graph, analysed cases were 
classified in groups with lower or higher fuel poverty vulnerability. Groups G1, G2 and G3 
represent those who are under some type of poverty, while groups G4 and G5 are determined 
by those groups that, despite not being in a situation of poverty, are in a vulnerability 
condition due to their proximity to the poverty threshold. Group G6 is considered to be outside 
any type of poverty or vulnerability. 

3.2. Annual Heating Demand and Cost Calculation Model 

In the second phase of the study, the influence of the physical characteristics of the 
buildings was analysed, considering the key aspects that determine their energy performance. 
Bilous et al. [29] concluded that the variables that have the greatest influence on indoor 
temperature are from highest to lowest: air exchange rate, heating gains, outdoor temperature 
and solar gains. Considering that air exchange and heating gains are highly user-dependent, 
they were not considered for the study. Instead, outdoor temperature and solar gains were 
considered as project variables, related to the following parameters: 

− Urban Density, %; 
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− Building compactness or Shape Coefficient, m2/m3; 
− Shape Factor, %; 
− Orientation; 
− Construction characteristics (U), W/m2K. 

The first three parameters were analysed considering the theoretical results of previous 
research, while the impact of orientation and construction characteristics were determined 
carrying out energy simulations developed with the Design Builder program, with the Energy 
Plus database. 

The impact of Urban Density, Shape Coefficient and Shape Factor on building’s thermal 
energy demand was analysed based on the results of previous studies, explained in the 
subchapter 2.2. The Influence of Building Characteristics on Heating Demand. 

Possible future research would focus on the analysis of user behaviour in heating 
consumption. Jimenez-Bescos et al. [30] concluded that incorporating user behaviour into 
building simulations, a more accurate estimation of energy consumption could be achieved. 

The reference volume used for the energy simulations was defined as a linear block 
typology, as it is a construction type widely used in urban areas, both in Bilbao and in Spain 
in this type of social housing. The model has a shape factor of 2/1 with 5 floors and ground 
floor with a north-south orientation of its longitudinal face. It has 378 m2 footprint, 54 m 
length and 7 m width. The total height of the block is 15 m, and each floor has 2.5 m height. 
The shape coefficient of the building is 2.9 m2/m3 with an urban density of 0 %. 

A characterization of the construction systems used in the existing building stock was also 
carried out (walls’ and windows’ thermal transmittance and percentage of openings in the 
facade), following Terés’ [31] and “Caracterización del parque residencial de la CAPV para 
la elaboración de un plan de acción a largo plazo” [32] study’s results, as shown in Table 2. 

TABLE 2. ENCLOSURE CHARACTERIZATION OF THE BUILDING PARK, BASQUE COUNTRY 

Construction 
year Period Uwall, W/m2K Uwin, W/m2K Window 

percentage, % 
Heating demand 
model, kWh/m2y 

Before 1900 1 1.11 4.23 0.1 46.69 

1901–1940 2 1.11 4.84 0.31 47.45 

1941–1960 3 1.16 4.62 0.21 46.93 

1961–1966 4 1.44 4.62 0.34 49.69 

1967–1980 5 1.44 5.7 0.34 54.36 

1981–2006 6 0.48 4.16 0.24 37.11 

After 2006 7 0.41 2.76 0.22 31.28 
Note: The thermal transmittance of the roof is taken as a constant value as it requires an exhaustive specific study 

A total of 28 simulations were carried out, in which the construction year and thus the 
construction characteristics were modified, as well as the orientation of the building in 
relation to the longitudinal facades: 0° (north-south), 45° (northeast-southwest), 90° (east-
west) and 135° (northwest-southeast). 
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Fig. 3. Heating demand variation according to the building orientation and construction period characteristics. 

The main results of the simulation showed that the cases with the greatest demand were 
those where the reference building was located in an east-west orientation, and specifically, 
the most unfavourable period corresponded to buildings constructed between 1967 and 1980, 
shown in Fig. 3. 

Based on the influence and impact of the building's physical parameters on the energy 
heating demand, a method to estimate the dwelling heating demand and annual heating costs 
has been defined. 

The method takes as a starting point the heating demand model (kWh/m2y) obtained from 
the simulations in Table 2, to which the savings of each physical parameter of the building 
are added or deducted. The data of savings is collected in Table 3, Table 4. Once the 
building’s heating demand (kWh/m2y) is known, a sample dwelling is taken from it and the 
estimated heating demand (kWh/y) and cost (€/y) is determined, applying Eq. (2), Eq. (3) and 
Eq. (4).  

2 2Heating Demand Heating Demand Model 1 Energy Conservation (%) kWh kWh
m y m y
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TABLE 3. SAVINGS IN HEATING DEMAND RELATIVE TO ORIENTATION 0° (N-S) FOR THE 
DIFFERENT CONSTRUCTION PERIOD 

Stage 

Orientation 

0° (N-S) 45° (NE-SW) 90° (E-W) 135° (NW-SE) 

Sf 1/1 Sf 2/1 Sf 1/1 Sf 2/1 Sf 1/1 Sf 2/1 Sf 1/1 Sf 2/1 

1 3.67 % 0 1.74 % –1.93 % –0.52 % –4.19 % 1.63 % –2.31 % 

2 3.67 % 0 0.22 % –3.45 % –3.74 % –7.41 % –0.62 % –4.29 % 

3 3.67 % 0 0.77 % –2.90 % –2.47 % –6.14 % 0.1 3% –3.54 % 

4 3.67 % 0 0.14 % –3.53 % –3.83 % –7.50 % –0.68 % –4.35 % 

5 3.67 % 0 0.52 % –3.15 % –3.56 % –7.23 % –0.20 % –3.87 % 

6 1.51 % 0 –2.15 % –3.66 % –5.98 % –7.49 % –3.17 % –4.68 % 

7 1.51 % 0 –2.61 % –4.12 % –6.41 % –7.92 % –3.83 % –5.34 % 

TABLE 4. SAVINGS IN HEATING DEMAND BASED ON THE SHAPE COEFFICIENT AND URBAN DENSITY 

Shape Coefficient Sc, m2/m3 Energy Conservation  Urban Density, % Energy Conservation 

<0.2 21 %  0–0.14 0 

0.2–0,4 0 %  0.15–0.29 –8.88 % 

0.4–0,6 –23 %  0.3–0.44 –7.12 % 

0.6–0,8 –45 %  0.45–0.59 –10.04 % 

0.8–1 –67 %  0.6–0.74 0.61 % 

1–1.2 –90 %  0.75–1.00 13.60 % 

3.3. Choice of the Case Study 

Annual heating demand and cost calculation model was finally applied to different case 
studies. The results were transferred to the energy poverty assessment method to verify its 
applicability and to identify the situation of 14 residential social housing buildings located in 
Bilbao. For the analysis, those buildings with municipal ownership of more than 75 % were 
chosen, discarding those with less ownership since they represent a lesser capacity of 
intervention by the managing entity. 

It was decided to analyse these buildings considering the nature of vulnerability their 
inhabitants are in, as being receivers of a social housing subsidy makes them eligible for the 
present study. 

4. RESULTS 

4.1. Energy Poverty Assessment Method and Energy Cost Calculation Model 

Two partial results were obtained: annual heating demand and cost calculation model and 
adapted energy poverty assessment method for the case of Bilbao and the Autonomous 
Community of the Basque Country. These results were analysed with 14 case studies in Bilbao 
to prove their applicability.  
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4.2. Housing Vulnerability Assessment 

Different sources have been used for data collection. The average annual income was taken 
from the data published by Eustat for the year 2016. The area, location and year of 
construction have been provided by the Cadastre of Bizkaia and Alokabide respectively. An 
urban density of 45 % was taken for the municipality of Bilbao, according to data published 
by Jiménez Romera [33]. 

The annual heating demand of each case was calculated by adjusting the result with the 
values of influence of the building’s physical parameters per m2. Subsequently, the theoretical 
annual demand and the annual cost of heating for a typical dwelling in the selected building 
were determined. The results showed annual heating costs between € 250 and € 560, with 
annual incomes between € 12.387 and € 15.743. Two of the three cases with the highest 
heating costs correspond to districts with lower annual incomes. Moreover, those buildings 
identified as being in energy poverty circumstances are mainly located in vulnerable 
neighbourhoods. 

Although the case studies, built mainly after the entry into force of the Código Técnico de 
la Edificación (CTE), have a similar base heating demand due to their close construction 
years, there are remarkable differences in the estimated annual heating demand and annual 
cost as a result of their reduced compactness, which considerably increases their demand. 
This can be observed with the analysis of cases C3, C8 and C11. The first case has a base 
heating demand of 31.28 kWh/m2y and 37.11 kWh/m²y for the following cases. The results 
in Fig. 4 shows these three cases present the highest estimated heating demand. 

 
Fig. 4. Annual heating demand variation and annual heating cost variation for Bilbao case studies. 

 

0.00 20.00 40.00 60.00 80.00

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

C12

C13

C14

Estimated Heating Energy Demand, 
kWh/m²y

C
as

e 
st

ud
ie

s

0.0 200.0 400.0 600.0 800.0 1000.0

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

C12

C13

C14

Estimated Heating Energy Costs, €/y

C
as

e 
st

ud
ie

s



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
76 

 

The variation in demand and annual cost of heating is shown in Fig. 4. It shows the 
differences between demand and the final cost, influenced fundamentally by the surface areas 
of the standard dwellings in each case. 

The data of estimated heating energy costs and annual equivalent income are transferred to 
the defined method, as shown in Fig. 5. Overall, Fig. 6 shows that the case studies analysed 
are in Group 3 and Group 4, in a situation of energy poverty and vulnerability to energy 
poverty respectively. There are two cases in Group 6, outside of any type of vulnerability. 

 
Fig. 5. Fuel poverty assessment graph for CAPV households for 2016 [10]. 

 
Fig. 6. Location and classification into vulnerability groups of the analysed case studies. 
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5. CONCLUSION 

This paper presents a proposal for prioritising the retrofitting of residential buildings in 
energy poverty circumstances, applied to 14 case studies in Bilbao. It has been observed that 
social housing complexes represent one of the most vulnerable sectors, and therefore they are 
notable case where refurbishment is a priority due to the socio-economic vulnerability of its 
residents.  

The energy vulnerability assessment method proposed, allows to identify the situation of 
vulnerability of the analysed buildings. Measurement parameters included the particularities 
of each location. Therefore, a specific adjustment was developed for the case of Bilbao and 
the Autonomous Community of the Basque Country (CAPV). 

It has been proven that compactness and year of construction are another important factor 
with a great impact on the demand and final consumption of heating in dwellings. The results 
showed annual heating costs between € 250 and € 560, with annual incomes between 
€ 12.387 and € 15.743. Two of the three cases with the highest heating costs correspond to 
districts with lower annual incomes. 

Some limitations of the project were detected, such as the analysed geometries, adjustment 
of the heating cost and the limited samples of buildings analysed. However, the main 
objective of the project has been achieved with the definition of a prioritization map that gave 
a general overview of the energy vulnerability situation of the existing social housing building 
stock in Bilbao. The main contribution of the research lies in acknowledging the vulnerability 
context of the building stock, which eases the decision-making process and the definition of 
intervention guidelines, prioritising those in a situation of greater vulnerability. The proposed 
system is accessible to different users and can serve as a tool for public entities to design their 
future strategies. 

Since the architectural and construction typologies analysed are also representative of a 
city, the conclusions can be extrapolated to other national and foreign locations. Furthermore, 
the energy poverty evaluation graph completes the two previously defined by Sánchez-
Guevara [10], according to the three climates included in the SECH-SPAHOUSEC project 
[27]. 
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