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Abstract  

Accurate projections of residential energy consumption are crucial for achieving 

decarbonization targets; however, most models overlook demographic dynamics, 

particularly changes in household composition, which significantly impact energy 

demand. This study addresses this gap by integrating demographic projections into 

bottom-up energy forecasts for Spain's residential sector from 2021 to 2039. By 

disaggregating households into nine types based on size and age structure, the model 

captures heterogeneous energy use patterns and their evolution over time. The results 

reveal a counterintuitive outcome: although projections indicate significant reductions 

in per-person and per-household energy consumption, total residential energy 

consumption is expected to increase by 0.80% over the 2024–2039 period. This is a 

direct consequence of the composition effect driven by sustained demographic change, 

specifically, the growing prevalence of smaller, higher-per-capita-use single-person and 

elderly households, which reduces economies of scale. These structural shifts 

effectively offset technical efficiency gains and behavioural changes, preventing an 

overall decline in energy demand. To meet Spain's target of a 1.69% annual reduction in 

residential energy use by 2030, per-household consumption must decrease by more than 

3.4% annually, more than twice the historical rate. This research underscores the need to 

align housing and energy policies with demographic trends. Targeted strategies, such as 

promoting smaller, energy-efficient dwellings and accelerating building retrofits, are 

essential for achieving climate goals in an aging and increasingly fragmented society.  

Keywords: Households, residential energy consumption, household type distribution, 

energy consumption scenarios, ageing, behavioral changes 

JEL codes: D10, I31, J11, Q41, Q57 

 

1. Introduction 

The global energy transition underway in most countries hinges not only on the 

successful deployment of renewable energy, essential for decarbonization, but also on 

accurate projections of future energy consumption. These projections must reflect the 

expected evolution of economic activity, population, consumption patterns, and external 
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shocks. Together, they are fundamental to defining realistic energy scenarios and policy 

targets. However, in many instances, public policy goals are overly ambitious and 

challenging to achieve, particularly in the residential sector.  

Although it is widely recognized that demographic factors, such as aging populations, 

shrinking household sizes, and changing family structures, significantly shape 

residential energy demand, most energy forecasting models — primarily top-down and 

engineering-based approaches — still fail to incorporate these variables. The absence of 

household composition and age-related dynamics in current models results in 

projections that do not accurately reflect future consumption patterns, thereby 

undermining the precision and relevance of policy responses (1,2). Relying on historical 

energy use trends without accounting for demographic transformation can lead to 

systematic underestimation of future demand, as such models often assume static, 

homogeneous household structures (3,4). This modeling gap is reflected in policy 

design: despite empirical evidence showing that household characteristics substantially 

influence energy use (5,6), few energy policies are tailored to the diverse needs of 

households differentiated by size, age, or composition, thereby limiting both their 

effectiveness and equity. 

This research, analyzing the case of Spain, argues that a key reason for the disconnect 

between policy goals and achievable outcomes lies in the neglect of demographic 

dynamics—specifically, changes in household composition—when projecting 

residential energy consumption. This is a critical oversight, particularly given that the 

residential sector accounts for a significant share of final energy consumption in many 

countries, with 17.85% in Spain in 2023 (7). 

The relevance of this issue is underscored by the European Union’s evolving climate 

policy. Since December 2019, the EU has committed to reducing greenhouse gas 

(GHG) emissions by 55% by 2030 compared to 1990 levels. In line with this, the 

European Commission introduced the “Fit for 55” legislative package in 2021, followed 

by the REPowerEU plan in 2022, both of which aimed to accelerate the energy 

transition in response to geopolitical shocks, including Russia’s invasion of Ukraine (8). 

Spain’s national energy targets are outlined in its Integrated National Energy and 

Climate Plan (PNIEC). Following the revision of energy efficiency targets in EU 

Directive 2023/1791, Spain’s updated PNIEC establishes cumulative energy savings of 

53,593 ktoe from 2021 to 2030, of which 7,323.6 ktoe (13.7%) are expected from the 

residential sector. Within this, 4,979.4 ktoe (or 68%) is expected to result from 

improved energy efficiency in residential buildings, and 1,745.2 ktoe (or 23.8%) from 

the renovation of residential equipment (8). Given a residential energy consumption of 

14,705.6 ktoe in 2021, and a target of 12,609 ktoe in 2030, this implies an annual 

reduction rate of 1.69% in residential energy consumption. PNIEC also sets the goal of 

reducing primary energy consumption per square meter in residential buildings by 16% 

by 2030 compared to 2020, implying the renovation of 1.37 million dwellings by 2030.   
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In Spain, the DENIO model—a dynamic econometric neo-Keynesian input-output 

model—has been used to evaluate the impact of energy policies. This model integrates 

input-output econometrics with computable general equilibrium (CGE) modeling, and is 

fed with projections from the TIMES-SINERGIA model developed by the 

Subdirectorate General of Energy Forecasting and Statistics (9). TIMES projects 

residential energy demand based on household numbers and elasticities, distinguishing 

among energy uses (heating, cooling, lighting, etc.) and housing types (single-family 

homes, multi-family dwellings with collective or individual systems). However, a 

critical limitation remains: while TIMES accounts for the number of households, it does 

not consider changes in the distribution of household types.  

This problem is also shared by other recent studies (10), which employ the newly 

developed TIMES-Europe energy system model to investigate the contribution of the 

residential sector to achieving the EU’s ambitious energy savings goals within the 

broader Fit-for-55 policy framework. Despite progress in energy systems modeling, 

which increasingly incorporates previously underrepresented elements of social-

ecological systems, such as land use, water consumption, and human time allocation 

(11), analyses of the household sector often treat it as a single, aggregated entity. This 

approach overlooks disaggregation into specific household types, thereby limiting a 

more detailed understanding of how various household structures influence overall 

energy consumption patterns. The same issue is also observed in other studies analyzing 

residential energy consumption that focus on household spending (12,13). 

We address this gap by employing a novel approach that integrates demographic 

variables, specifically the evolution of household types, into residential energy 

projections (14). This method facilitates the identification of distinct energy 

consumption patterns across household types and quantifies the substantial impact of 

shifts in household distribution on projected residential energy demand between 2021 

and 2039. By isolating demographic drivers, specifically the growth in total household 

numbers and changes in their structural composition, the analysis distinguishes these 

effects from variations resulting from energy efficiency improvements and behavioral 

modifications; the latter may be influenced by price fluctuations or other exogenous 

factors that remain outside the scope of this research. 

By doing so, the article aims to demonstrate how incorporating changes in household 

composition over time leads to more accurate projections of energy consumption for the 

residential sector, thereby allowing building more robust scenarios that may help tailor 

policies to mitigate the environmental impact of household energy consumption and 

achieve policy targets related to decarbonization and climate policies.  

 

2. Related literature 

Modeling future residential energy consumption has become increasingly complex as 

scholars strive to integrate an ever-growing number of determinants into forecasting 

tools. A substantial body of literature emphasizes the importance of demographic and 

household structural variables in shaping energy demand, yet these factors are often 
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underrepresented in the predominant modeling approaches. Literature distinguishes 

between top-down and bottom-up modeling frameworks, each with unique advantages 

and limitations. Top-down models, as reported in the literature (15,16,17), provide 

valuable macroeconomic insights by capturing relationships between energy demand 

and broad economic or climatic variables, such as GDP per capita or heating degree 

days, which is particularly beneficial for understanding structural trends at national or 

regional scales. These models are well-suited to simulating large-scale scenarios, 

including the long-term effects of global warming and population growth. Their reliance 

on aggregate data makes them relatively easy to apply across countries or regions, 

especially when detailed household-level data is scarce. However, they struggle to 

capture the micro-level heterogeneity of household behavior and structure, which limits 

their ability to incorporate demographic transitions, such as population aging and 

household fragmentation (2). 

In contrast, bottom-up models start from disaggregated data on individual households, 

buildings, and end-use appliances. This allows for more nuanced representations of 

residential energy consumption. Some research indicates that, with economic 

development and demographic change, the share of energy allocated to space heating, 

cooling, and appliances increases significantly (18). Other models demonstrate a strong 

correlation between residential electricity demand and the timing of active dwelling 

occupancy, generating occupancy profiles from time-use surveys (19). Other bottom-up 

approaches use stochastic simulation models to estimate electricity demand from 

appliance usage reported in time-use surveys, thereby identifying appliance-use time 

profiles that inform demand-side management policies (20). The ability to incorporate 

physical and behavioral heterogeneity makes bottom-up models more appropriate for 

assessing the effects of changing household structures, although they are data-intensive 

and computationally demanding. 

Empirical studies have demonstrated that demographic and household structural 

changes are among the most significant drivers of residential energy consumption. 

Aging populations tend to increase energy use due to more extended periods of home 

occupancy, greater sensitivity to thermal conditions, and behavioral preferences for 

comfort. Early evidence (21,22) suggests that elderly households have higher occupancy 

rates and more extended periods of in-home activity, resulting in greater energy 

demand. Adult presence, rather than the number of children, is more strongly correlated 

with household energy consumption (23). These findings have been corroborated across 

different regions. This pattern has been confirmed to persist in the US even after 

controlling for income, climate, and housing type (24). Similar conclusions have been 

reached in Europe (25) and Japan (26). 

Household composition—particularly the decline in average household size—has also 

emerged as a significant factor in residential energy dynamics. As fertility rates decline 

and longevity increases, households are becoming smaller and more often composed of 

single individuals. This trend undermines the economies of scale associated with shared 
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energy use. An analysis of Chinese households found that reducing the number of 

household members by one increases per capita electricity consumption by 17.0–23.6% 

(27). In Japan, a 5% decrease in average household size was associated with a 3.5% 

increase in energy demand (28). The expansion of single-person households, 

particularly among the elderly, is especially noteworthy. Recent research indicates that 

solo living is becoming increasingly prevalent in high-income countries, particularly 

among elderly women, driven by gendered differences in life expectancy (29,30).  

Socioeconomic variables introduce additional complexity to residential energy 

modeling. Income is one of the most robust predictors of energy consumption, as 

wealthier households tend to occupy larger homes, purchase more energy-consuming 

appliances, and maintain higher standards of thermal comfort. Research has found that 

income is closely linked to electricity use, even when controlling for building 

characteristics (5). The intersection of income and age further complicates this dynamic. 

While elderly households often have lower incomes, which could constrain energy use, 

they simultaneously spend more time at home and may underinvest in energy-saving 

technologies due to short expected payback periods or behavioral inertia (3). In Spain, 

research has found that retirees’ longer periods of home occupancy are associated with 

higher energy expenditures, despite limited financial resources (13). 

Urbanization and spatial distribution are also critical components of residential energy 

modeling. While the energy ladder hypothesis posits that urbanization leads to cleaner 

and more efficient energy use (31), the evidence is mixed. A transition in Chinese urban 

households from biomass to electricity and gas has been documented (32), as also 

observed during Spain’s urbanization in the mid-20th century (33). However, per capita 

electricity use in Chinese urban areas has increased, driven by greater access to 

appliances and higher comfort expectations (34). In Spain, rural households consume 

more electricity on average than urban ones, partly due to housing typology, such as 

detached homes that require more energy (35). Urban sprawl also contributes to higher 

energy use, since it is correlated with increased electricity consumption, particularly 

among affluent households (36).  

 

3. Methods and data 

3.1. Classification of household types 

Previous studies have demonstrated that economies of scale exist in household energy 

consumption. As the number of household members increases, total energy 

consumption also rises, but at a decreasing rate (26,27,28,37,38). Additionally, the age 

composition of household members significantly influences energy use. Numerous 

studies have shown that children generally consume less energy than adults, whereas 

older adults tend to consume more than the working-age population (3,26,39,40). 

Building on these findings, this study classifies households into nine types based on size 

and composition: 
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Type 1. Working-age single-person households 

Type 2. Senior single-person households 

Type 3. Two-person households consisting solely of working-age persons 

Type 4. Two-person households including at least one senior person 

Type 5. Two-person households comprised of one adult and one child 

Type 6. Three-person households consisting solely of adults 

Type 7. Three-person households including at least one minor 

Type 8. Four or more-person households comprised exclusively of adults 

Type 9. Four or more-person households including at least one minor 

 

3.2. Energy consumption patterns by household type 

To project changes in energy consumption by household type, this study utilizes data 

from the Household Budget Survey (41). The survey is conducted annually across Spain 

and collects detailed information on household expenditures for a wide range of goods 

and services, with approximately 20,000 households surveyed each year. To ensure data 

consistency, this study focuses on the period from 2006 to 2023. Microdata at the 

household level are available for download from the INE website. 

Regarding energy, the survey reports both expenditure amounts and consumption levels 

by energy type in physical units. In this study, we focus on residential energy 

consumption, specifically electricity, natural gas, liquefied gas, and liquefied fuels. 

Hence, solid fuels such as firewood and transportation fuels (e.g., gasoline) are excluded 

from the analysis.1 Additionally, because many households in Spain own secondary 

residences, their energy consumption is also accounted for in the calculation. 

 

 
1 The Household Budget Survey also collects information on household consumption of solid fuels, 

including coal, coke, coal agglomerates, wood, firewood, charcoal, and peat. In the 2023 survey, which 

included a sample of 20,707 households, 524 reported expenditures on coal and 1,574 reported 

expenditures on other solid fuels. These figures indicate that the proportion of households purchasing 

solid fuels is relatively low. Moreover, except for a minimal subset of households, reported expenditure 

amounts are minimal. Additionally, the number of households with accurately recorded quantities of solid 

fuel usage is minimal, making it challenging to estimate average household solid fuel consumption 

reliably. Given these limitations, solid fuels were excluded from the present analysis. Based on data from 

households that provided both expenditure and consumption records, the annual solid fuel energy 

consumption in fiscal year 2023 is estimated to be approximately 3,100 megajoules (MJ). Accordingly, 

the omission of solid fuels may result in an underestimation of average household energy consumption by 

approximately 13%. 
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Fig 1. Histogram of annual energy consumption by household type (2023) 

 

For this analysis, the consumption of the four selected energy types is standardized to 

standard units (megajoules, MJ), and total household energy consumption is calculated 

accordingly. The detailed calculation process is provided in Appendix 1. 

Figure 1 illustrates the distributions of total annual energy consumption (MJ) by 

household type in 2023. The horizontal axis is presented on a logarithmic scale to 

enhance visualization. The solid curve represents an approximation using a normal 

distribution, which closely aligns with the shape of the histogram. This suggests that 

total annual household energy consumption itself follows a log-normal distribution. 

This study aims to forecast future household energy consumption patterns by analyzing 

historical trends in energy consumption. Figure 2 illustrates the evolution of these 

patterns between 2006 and 2023. The left panel represents Type 2 senior single-person 

households, whereas the right panel corresponds to Type 7 three-person households 

composed of adults and children. Comparing the two figures reveals that changes in 

energy consumption patterns differ by household type. 
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Fig 2. Time series changes in energy consumption patterns 

 

The energy consumption pattern in senior single-person households has remained 

relatively stable over time. In contrast, three-person households with adults and children 

have shown a downward trend in average energy consumption, indicating a broader 

shift toward reduced energy use attributable to energy-efficiency improvements or 

behavioral changes. 

These results suggest that the potential for energy savings varies by household type, 

emphasizing the importance of policy approaches tailored to specific household types. 

As noted earlier, annual household energy consumption, measured in MJ, tends to 

follow a lognormal distribution. Table 1 illustrates the evolution of this distribution over 

time. When considering all households, the average annual energy consumption 

declined from 30,086 MJ to 23,346 MJ, representing an average annual reduction rate 

of approximately 1.48%. It should be noted, however, that this decline was not uniform 

over time, as it was influenced by external factors, including the global financial crisis 

and the COVID-19 pandemic. For changes in energy consumption over the entire 

survey period, refer to Appendix 2. 

Further analysis by household type reveals that average energy consumption decreased 

across all categories during the survey period, indicating overall progress in household 

energy conservation. However, the rate of decline varied considerably by household 

type. As shown in Table 1, larger households achieved larger reductions in energy use, 

whereas smaller households exhibited only modest decreases. 

Additionally, Table 1 indicates a decrease in the standard deviation of energy 

consumption, suggesting that household energy usage patterns are becoming 

increasingly similar over time. 
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Table 1. Changes in the energy consumption distribution function 

 year Observations Skewness mean Change std. dev. Change Median Change 

        (MJ) (%) (MJ) (%)   (%) 

Type 1 
2006 1,419 7.4 18,881 

 

25,970 

 

10,951 

 

2023 2,596 3.1 16,165 -0.91% 16,444 -2.65% 11,179 2.08% 

Type 2 
2006 1,227 2.6 18,206 

 

18,508 

 

11,642 

 

2023 1,903 2.7 18,680 0.15% 18,582 0.02% 12,574 8.00% 

Type 3 
2006 3,258 14.7 26,811 

 

33,695 

 

18,229 

 

2023 3,745 3.0 22,010 -1.15% 21,565 -2.59% 14,869 -18.43% 

Type 4 
2006 2,102 5.8 28,901 

 

34,959 

 

19,177 

 

2023 2,673 3.7 27,236 -0.35% 25,956 -1.74% 19,320 0.75% 

Type 5 
2006 171 5.5 21,322 

 

30,718 

 

12,168 

 

2023 316 2.7 17,017 -1.32% 17,849 -3.14% 11,241 -7.62% 

Type 6 
2006 2,852 2.9 32,042 

 

29,517 

 

23,102 

 

2023 2,586 2.6 26,504 -1.11% 24,160 -1.17% 18,710 -19.01% 

Type 7 
2006 1,849 13.0 30,662 

 

36,736 

 

21,127 

 

2023 1,532 3.2 23,007 -1.68% 20,307 -3.43% 17,001 -19.53% 

Type 8 
2006 1,638 16.9 38,010 

 

48,368 

 

27,150 

 

2023 1,274 2.0 28,706 -1.64% 23,194 -4.23% 21,600 -20.44% 

Type 9 
2006 4,478 5.3 35,785 

 

36,294 

 

25,270 

 

2023 3,432 3.8 26,159 -1.83% 24,518 -2.28% 18,613 -26.34% 

All 

households 

2006 18,994 10.3 30,086 

 

34,927 

 

20,785 

 

2023 20,057 3.2 23,346 -1.48% 22,565 -2.54% 16,196 -22.08% 

Type 1. Working-age single-person households; Type 2. Senior single-person households; Type 3. Households consisting of two 

working-age persons; Type 4. Two-adult households including at least one senior person; Type 5. Two-person households 
comprised of one adult and one child, Type 6. Three-person households consisting solely of adults; Type 7. Three-person 

households including at least one minor, Type 8. Four or more-person households consisting solely of adults; Type 9. Four or more-

person households including at least one minor 

 

3.3. Future estimates of household composition 

Accurate estimation of household energy consumption requires well-founded 

assumptions about future trends in household numbers, household composition, and 

energy-use patterns. In this study, we estimated the number of households across nine 

household types using projections of household size published by the National Institute 

of Statistics (42), which extend through 2039. The detailed methodology for these 

estimates is provided in Appendix 3, and the resulting figures are presented in Table 
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A.1. In the subsequent analysis, the number and composition of households are assumed 

to follow the projections outlined in this table. 

Figure 3 shows the changes in the number of households (by type) from 2024 to 2039. 

According to INE projections, the total number of households is expected to increase by 

approximately 10% between 2024 and 2030. It is shown with a bold solid line in Figure 

3; however, the growth rate varies significantly by household type. The number of Type 

1 (working-age single-person households) and Type 2 (elderly single-person 

households) is projected to increase by approximately 19%. In contrast, the number of 

three-person households is expected to grow by only approximately 3%, whereas the 

number of households with four or more members is projected to remain nearly 

unchanged. These results indicate that household sizes in Spain will continue to shrink. 

Fig 3. Household growth rate (base = 2024) 

 

 

3.4. Extraction of energy consumption patterns by household type 

Due to the presence of a relatively small number of households with disproportionately 

high energy consumption, the distribution of household energy use exhibits a long-

tailed pattern. A log-normal distribution can reasonably approximate this distribution. 

Although it is technically feasible to conduct simulation analyses directly using the log-

normal distribution, assuming a constant rate of change over time, such time-series 

transformations are often complex to interpret both intuitively and visually. Moreover, 

conducting simulations under this framework requires consideration of an extensive 

range of potential energy consumption values. 

For these reasons, in the subsequent analysis, residential energy consumption is 

logarithmically transformed and approximated by a normal distribution, which is then 

employed for simulation purposes. Over time, the mean of the residential energy 

consumption distribution is observed to decline, and the standard deviation tends to 
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decrease in most instances. The reduction in the mean can largely be attributed to 

improvements in energy efficiency and behavioral changes. At the same time, the 

decline in the standard deviation is likely a result of the widespread adoption of energy-

saving technologies and behavioral changes, leading to a more uniform implementation 

of efficiency measures across households. 

The energy consumption 𝑐𝑘,𝑡 of 𝑘-type households in the year 𝑡 is assumed to follow the 

following log-normal distribution, 

𝑓(𝑐𝑘,𝑡; 𝜇𝑘,𝑡, 𝜎𝑘,𝑡
2 ) =

1

√2𝜋(𝜎𝑘,𝑡)
2
𝑐𝑘,𝑡

𝑒𝑥𝑝 (−
(ln 𝑐𝑘,𝑡−𝜇𝑘,𝑡)

2

2(𝜎𝑘,𝑡)
2 )  0 < 𝑐𝑘,𝑡 < ∞ [1] 

where 𝜇𝑘,𝑡 and 𝜎𝑘,𝑡
2  are mean and variance. Furthermore, we assume that the mean and 

standard deviation change at constant rates, but at different rates. 

 
𝜇𝑘,𝑡+1

𝜇𝑘,𝑡
= 𝜃 ∙ 𝑟𝑘

𝜇
,        [2] 

𝜎𝑘,𝑡+1

𝜎𝑘,𝑡
= 𝜃 ∙ 𝑟𝑘

𝜎.        [3] 

In this context, 𝑟 denotes the historical rate of change in energy consumption observed 

between 2006 and 2023, while 𝜃 represents the acceleration rate—an indicator that 

quantifies the extent to which future energy efficiency improvements and behavioral 

changes outpace historical trends. Over time, average household energy consumption 

declines, and variation in energy consumption across households also diminishes. The 

parameter 𝜃 determines the speed at which this trend unfolds. 

In the baseline analysis, it is assumed that the rate of change from 2006 to 2023 will 

continue unchanged; accordingly, 𝜃 is set to 1. Under this assumption, the expected 

energy consumption of 𝑘-type households is 

 𝐸[𝑐𝑘,𝑡] = 𝑒𝑥𝑝 (𝜇𝑘,𝑡 +
(𝜎𝑘,𝑡)

2

2
).      [4] 

Then, the “total” energy consumption of 𝑘-type households in the year 𝑡 is 

𝐸[𝑇𝐶𝑘,𝑡] = 𝐻𝑘,𝑡 ∙ 𝐸[𝑐𝑘,𝑡].       [5] 

where 𝐻𝑘,𝑡 is the number of 𝑘-type households. The total energy consumption of the 

household sector is calculated by adding up the energy consumption of nine types of 

households, 

 𝐸[𝑇𝐶𝑡] = ∑ 𝐸[𝑇𝐶𝑘,𝑡]𝑘 .       [6] 

 

4. Analyzing residential energy consumption scenarios in Spain 

4.1. Model 1: Analysis not considering household composition 
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This model aggregates data across all household types, using pooled data. It is assumed 

that household energy consumption will continue to decline, consistent with historical 

trends, while the number of households will increase in line with projections. 

Specifically, household energy consumption is assumed to decrease at the rate reported 

in Table 1, whereas the number of households is assumed to increase at the rate shown 

in Table 2. 

The estimates suggest that if the current rate of energy savings continues, final energy 

consumption in the household sector will increase by approximately 0.78%, from 

450,352 TJ in 2024 to 453,854 TJ in 2030, driven by an increase in the number of 

households. However, over time, the impact of energy efficiency improvements and 

behavioral changes is projected to exceed that of household growth, resulting in a 

4.16% decrease in energy consumption by 2039 relative to 2024.2 

The table illustrates changes in energy consumption per household and per capita, both 

of which decline. However, the rate of decrease in per capita energy consumption is 

lower than that observed for per-household energy consumption. This discrepancy 

suggests that a reduction in average household size is offsetting a portion of the energy 

efficiency gains. 

Table 2. Estimation of total energy consumption 

  2024 2030 2039 

Demographic projection: INE (2023)   ∆  ∆ 

  Population (person) 48,610,458 51,876,064 6.72% 53,747,905 10.57% 

  Households (number) 19,310,776 21,244,779 10.02% 23,001,927 19.11% 

Model 1: Pooled data estimate      

  Expected total energy consumption (TJ) 𝐸[𝑇𝐶𝑡] 450,352 453,854 0.78% 431,596 -4.16% 

  Energy consumption per person (MJ) 9,265 8,749 -5.57% 8,030 -13.33% 

  Energy consumption per household (MJ) 23,321 21,363 -8.40% 18,763 -19.54% 

Model 2: Disaggregated data estimate      

  Expected total energy consumption (TJ) 𝐸[𝑇𝐶𝑡] 422,566 432,626 2.38% 425,933 0.80% 

  Energy consumption per person (MJ) 8,693 8,340 -4.06% 7,925 -8.84% 

  Energy consumption per household (MJ) 21,882 20,364 -6.94% 18,517 -15.38% 

 

4.2. Model 2: Analysis considering household composition 

This model disaggregates households into nine types and projects energy consumption 

for each type. As in Model 1, we assume that household energy consumption will 

 
2 Since future population projection data have been available since 2024, the fiscal year 2024 projections 

are used as the baseline. 
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continue to decline in the future based on past trends (Table 1). In contrast, the number 

of households will increase in accordance with future projections (Table 2).  

Table 3 presents the projected changes in the number of households by household type, 

along with corresponding energy consumption patterns. The central column of the table 

reports changes in per-household energy consumption, reflecting anticipated reductions 

attributable to technological advancements and behavioral changes. Time-series changes 

in energy consumption by household type are calculated as the product of changes in the 

number of households in each category and changes in per-household energy 

consumption. The resulting estimates are presented in the “Expected energy 

consumption” column.  

Table 3. Estimation of energy consumption by household type (The percentage 

change with respect to 2024 is shown in parentheses.) 

 
Household number 

projected, 𝐻𝑘,𝑡 (number) 

  Energy consumption per 

household, 𝐸[𝑐𝑘,𝑡] (MJ) 

Expected energy 

consumption, 𝐸[𝑇𝐶𝑘,𝑡] (TJ) 

  2024 2030 2039 2024 2030 2039 2024 2030 2039 

Type 1 3,160,310 3,759,011 4,483,355 15,710 15,047 14,217 49,648 56,560 63,740 

  (18.9%) (41.9%)  (-4.2%) (-9.5%)  (13.9%) (28.4%) 

Type 2 2,273,659 2,704,390 3,225,514 18,005 17,932 17,824 40,937 48,496 57,491 

  (18.9%) (41.9%)  (-0.4%) (-1.0%)  (18.5%) (40.4%) 

Type 3 2,433,878 2,780,013 3,156,131 20,717 19,289 17,350 50,424 53,624 54,758 

  (14.2%) (29.7%)  (-6.9%) (-16.3%)  (6.3%) (8.6%) 

Type 4 2,693,969 3,077,092 3,493,404 25,088 24,337 23,312 67,586 74,888 81,439 

  (14.2%) (29.7%)  (-3.0%) (-7.1%)  (10.8%) (20.5%) 

Type 5 426,323 486,953 552,835 16,456 15,386 13,944 7,016 7,492 7,709 

  (14.2%) (29.7%)  (-6.5%) (-15.3%)  (6.8%) (9.9%) 

Type 6 2,438,133 2,518,873 2,466,078 25,021 23,414 21,213 61,005 58,977 52,313 

  (3.3%) (1.1%)  (-6.4%) (-15.2%)  (-3.3%) (-14.2%) 

Type 7 1,429,109 1,476,436 1,445,490 21,999 19,942 17,269 31,439 29,443 24,963 

  (3.3%) (1.1%)  (-9.4%) (-21.5%)  (-6.3%) (-20.6%) 

Type 8 1,615,478 1,610,625 1,515,304 26,934 24,584 21,479 43,512 39,596 32,547 

  (-0.3%) (-6.2%)  (-8.7%) (-20.3%)  (-9.0%) (-25.2%) 

Type 9 2,839,916 2,831,386 2,663,816 25,001 22,445 19,136 71,000 63,550 50,974 

  (-0.3%) (-6.2%)  (-10.2%) (-23.5%)  (-10.5%) (-28.2%) 

Type 1. Working-age single-person households; Type 2. Senior single-person households; Type 3. Households consisting of two 

working-age persons; Type 4. Two-adult households including at least one senior person; Type 5. Two-person households 

comprised of one adult and one child, Type 6. Three-person households consisting solely of adults; Type 7. Three-person 

households including at least one minor, Type 8. Four or more-person households consisting solely of adults; Type 9. Four or 

more-person households including at least one minor 
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While energy consumption per household is projected to decline across all household 

types, the magnitude of these reductions varies. According to projections, energy 

consumption is expected to decrease by approximately 15–23% for three-person 

households (Types 6-7) and those with four or more members (Types 8-9) between 2024 

and 2039. In contrast, the reduction is projected to be considerably smaller for single-

person (Types 1-2) and two-person households (Types 4-5). For instance, energy 

consumption among single-person senior households (Type 2) is expected to decrease 

by only about 1%. Furthermore, shifts in household composition also differ by type. 

Consequently, total expected energy consumption is projected to decrease substantially 

for households with three or more persons. In contrast, an increase is expected for 

single-person and two-person households, given their growing prevalence. 

The aggregated results for all households, derived by summing the outcomes for each 

household type presented in Table 3, are reported in Model 2, located in the lower 

section of Table 2. When these results are compared with those from Model 1 in the 

upper section of the table, it is evident that although both models exhibit similar overall 

trends, Model 2 yields a more conservative estimate of the effectiveness of energy 

efficiency improvements and behavioral changes. For instance, the projected reduction 

in per capita energy consumption between 2024 and 2039 is 13.33% in Model 1, 

whereas it is only 8.84% in Model 2. Similarly, the reduction in per-household energy 

consumption is 19.54% in Model 1, compared to 15.38% in Model 2. 

The divergence among these modelling approaches yields substantially different 

projections of total energy consumption. While Model 1, which assumes a uniform rate 

of energy conservation across all categories, anticipates a 4.16% decrease in total 

household energy consumption by 2039, Model 2, a disaggregated approach that allows 

for variation across different household types, projects a slight increase of 0.80%. This 

discrepancy underscores the critical impact of demographic dynamics, which are 

frequently overlooked in standard energy forecasts. Crucially, although projections 

indicate significant reductions in both energy consumption per person and per 

household during the 2024–2039 period, the expected total energy consumption 

unexpectedly increases by 0.80%. This counterintuitive outcome is a direct consequence 

of the composition effect driven by sustained demographic change, namely the growing 

prevalence of smaller household sizes that are less efficient due to reduced economies 

of scale. These structural shifts in household formation effectively offset technical 

efficiency gains and behavioral changes, thus preventing an overall decline in household 

energy demand. 
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5. Energy Conservation in Households and Society: Can Spain Achieve Its Energy 

Conservation Targets for the Residential Sector? 

As previously noted, the Spanish government has set an ambitious target to reduce final 

energy consumption in the residential sector by 1.69% annually. However, given that 

energy consumption in this sector has declined at an average annual rate of only 1.48% 

over the past 17 years, achieving the stated target presents a considerable challenge. 

Compounding this difficulty is the demographic shift: the average household size has 

already decreased, and the relative contribution of large households, which have 

historically played a significant role in reducing energy consumption, is expected to 

diminish further. Conversely, the number of small households, particularly those with 

one or two persons, is projected to increase substantially. This trend is likely to erode 

the benefits of economies of scale in residential energy consumption, further 

complicating efforts to meet energy conservation targets. 

The analysis in the previous section projects future residential energy consumption 

under the assumption that the historical rate of energy savings continues. However, 

should more proactive and comprehensive energy conservation policies be 

implemented, it may be possible to accelerate the rate of improvement. This section 

examines the extent of additional effort required to meet the targets set by the Spanish 

government. 

When evaluating energy conservation in the context of demographic changes, such as 

growth in household numbers and shifts in household composition, it is crucial to 

distinguish between energy conservation at the societal and household levels. The total 

societal rate of reduction in energy consumption does not correspond to the per-

household consumption rate. As the number of households increases and average 

household size declines, overall energy conservation in the residential sector tends to 

decrease. Therefore, to offset the negative impact of these demographic trends, 

household-level energy conservation efforts must exceed the societal-level reduction 

targets. This discrepancy is clearly illustrated in Table 4, which highlights the 

divergence between the required energy conservation at the aggregate and household 

levels. 
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Table 4. Energy conservation at home and in society 

  2021 2030 

Number of households 18,083,690 21,244,779 

Acceleration rate (𝜃)   1.00 1.25 1.50 1.75 2.00 2.25 2.50 

Model 1         

  Total energy consumption (TJ) 488,517 453,854 442,462 431,387 420,619 410,150 399,970 390,070 

    Rate of reduction  -0.81% -1.09% -1.37% -1.65% -1.92% -2.20% -2.47% 

  Energy use per household (MJ) 
 

27,014 21,363 20,827 20,306 19,799 19,306 18,827 18,361 

    Rate of reduction   -2.57% -2.85% -3.12% -3.39% -3.66% -3.93% -4.20% 

Model 2         

  Total energy consumption (TJ) 461,360 432,626 425,079 417,746 410,620 403,693 396,960 390,414 

    Rate of reduction  -0.71% -0.91% -1.10% -1.29% -1.47% -1.66% -1.84% 

  Energy use per household (MJ) 25,512 20,364 20,009 19,663 19,328 19,002 18,685 18,377 

    Rate of reduction   -2.47% -2.66% -2.85% -3.04% -3.22% -3.40% -3.58% 

 

In 2021, there were 18,083,690 households in Spain. According to estimates from the 

Household Budget Survey, total energy consumption in the residential sector amounted 

to 488,517 TJ, corresponding to an average household energy consumption of 27,014 

MJ. The number of households is projected to increase to 21,244,779 by 2030. Based on 

projections from Model 1, if energy efficiency improvements continue at the historical 

rate, total energy consumption is expected to decline to 453,854 TJ by 2030. It is worth 

noting that energy consumption in 2021 was higher than in other years, likely due to the 

impact of the COVID-19 pandemic. Under this scenario, the implied annual rate of 

energy conservation at the societal level is approximately 0.81%. 

The acceleration rate (𝜃) defined in Equations 2 and 3 in Section 3.3 measures the 

extent to which energy conservation efforts exceed historical trends. The subsequent 

column in Table 4 reports projections under a scenario in which the acceleration rate is 

set to 1.25 times the historical rate; under Model 1, this corresponds to a 1.09% annual 

reduction in total societal energy consumption. However, when accounting for the 

increase in the number of households, achieving this level of energy savings would 

require a 2.85% annual reduction in energy consumption per household. 

By contrast, projections based on Model 2, which incorporate changes in household 

composition, indicate that achieving the same overall reduction would require a 2.66% 

annual decrease in energy consumption per household. The same interpretive 

framework applies to the remaining acceleration-rate scenarios. 
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To assess the feasibility of the target set by the Spanish government, it is necessary to 

examine the additional efforts required. In Model 1, total household energy 

consumption in 2021 is estimated at 488,517 TJ. To meet the governmental target, 

energy consumption must decline to 419,043 TJ by 2030. Achieving this reduction 

requires an acceleration rate exceeding 1.75, corresponding to an annual decrease in 

per-household energy consumption of more than 3.39%. 

In contrast, Model 2 estimates total household energy consumption at 461,360 TJ in 

2021. To achieve the 2030 target of 395,748 TJ, an acceleration rate exceeding 2.25 is 

required. This implies that per-household energy consumption must decrease at an 

annual rate exceeding 3.40%. 

These findings indicate that, regardless of the model, achieving a 1.69% annual 

reduction in residential energy consumption at the societal level will require a 

household-level annual decrease of more than 3.40%. This highlights the significant 

challenge posed by demographic shifts, particularly the rise in the number of smaller 

households, and underscores the need for more rigorous and comprehensive energy 

conservation measures to meet national targets. 

 

6. Discussion and conclusions 

This study examined the impact of changes in household composition on national 

residential energy consumption, highlighting a potential obstacle to achieving official 

energy conservation targets. Among the various findings, three results stand out as 

particularly significant. First, the projected growth of small households, particularly 

among elderly and single-person households, will significantly alter the composition of 

energy demand, presenting challenges for per-capita efficiency. Second, historical 

energy reductions have been more substantial in larger households; however, their 

declining share of the population reduces their impact on future savings. Third, 

achieving national energy conservation goals will require a sustained and accelerated 

decline in per-household energy use, more than twice the historical rate, underscoring 

the urgency for policy interventions tailored to evolving household demographics. 

The analysis of residential energy consumption in Spain highlights demographic 

dynamics that align with broader findings in the literature on household structure and 

energy demand. Between 2024 and 2030, the total number of households in Spain is 

projected to grow by nearly 10%, rising from 19.31 million to 21.24 million. Increases 

in single-person households primarily drive this expansion, with both working-age and 

elderly households expected to grow by approximately 19%. Such demographic shifts 

toward smaller households have been observed across high-income countries (30,43). In 

Spain, the rising prevalence of elderly-headed and single-occupancy households has 

been documented starting in the 1980s (12). As fertility rates decline and longevity 

increases, the decline in average household size undermines economies of scale in 

shared energy use (27,28), a trend that our projections confirm for Spain. 
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In recent decades, the pace of this demographic shift has been tempered by a substantial 

influx of immigrants, primarily of working age and with higher fertility rates than the 

native population. Without this migration, which accounted for a significant share of 

household growth, Spain’s demographic structure would have trended more sharply 

toward an older population. Specifically, between 2001 and 2011, the foreign-national 

population rose from 1.54 million (3.79% of the total) to 5.24 million (11.20%). 

Furthermore, while 65% of Spanish nationals were of working age in 2011, this figure 

was 79.8% among foreign residents, indicating a relatively higher proportion of the 

foreign-born in the labor force. These trends remained stable through 2021, with foreign 

residents totaling 5.4 million (11.4% of the population), 75.7% of whom were of 

working age. 

In 2023, household energy consumption exhibited a log‐normal distribution across all 

nine household types, with larger households consuming more energy on average but 

also displaying greater variance. Specifically, the mean annual consumption ranged 

from approximately 16,165 MJ for working-age single-person households to 38,010 MJ 

for households with four or more adults. This pattern of higher energy requirements for 

larger households aligns with findings that adult presence correlates more strongly with 

energy use than the number of children (23) and that larger dwellings and appliance 

stocks drive consumption (5). 

Historical trends from 2006 to 2023 show that average energy consumption per 

household in Spain decreased from 30,086 MJ to 23,346 MJ—an annual decline of 

1.48%—while the standard deviation of consumption fell by 2.54% per year. Larger 

households experienced even steeper reductions (up to –1.83% per year in mean 

consumption), suggesting that economies of scale and the widespread adoption of 

efficiency measures and behavioral changes have a greater impact when absolute 

consumption is higher, as observed in the literature (5,13). In contrast, elderly single-

person households exhibited a slight increase in average consumption (+0.15% per 

year), consistent with empirical evidence that aging populations tend to increase energy 

use due to more extended occupancy and greater sensitivity to thermal comfort (24,44). 

When examining energy consumption by household type, the analysis underscores 

divergent trajectories. Three- and four-plus-person households (Types 6–9) are 

projected to achieve substantial reductions in average consumption, ranging from 15% 

to 23% between 2024 and 2039, due to both efficiency gains and behavioral changes, as 

well as slower growth in household numbers. This finding is consistent with evidence 

suggesting that larger households benefit more from energy-saving measures and 

economies of scale (5,13). In contrast, single-person and two-person households (Types 

1–5), particularly elderly single-person households (Type 2), experience only modest 

per-household declines—about 1% for Type 2—while their aggregate consumption 

rises because these household types expand more rapidly. This result is consistent with 

previous research (30), which notes that the increase in solo living, especially among 

elderly women, increases energy intensity per dwelling, even if per-capita electricity use 

remains variable (5,30).  
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Comparing the two modelling approaches underscores how neglecting demographic 

dynamics can lead to overly optimistic energy forecasts. By 2039, Model 1, which 

omits household composition, projects a 4.16% reduction in total residential energy use 

relative to 2024. In contrast, the disaggregated Model 2 forecasts a slight increase of 

0.80%. This discrepancy arises even though both models predict significant reductions 

in per-household and per-capita consumption: 19.54% and 13.33%, respectively, in 

Model 1, compared to 15.38% and 8.84% in Model 2. This counterintuitive outcome is 

a direct consequence of the composition effect driven by sustained demographic change, 

specifically the growing prevalence of smaller household sizes. These discrepancies, 

which amount to nearly one-fourth of the projected values, align with established 

literature suggesting that models omitting demographic variables systematically 

underestimate future energy demand (1,2). Ultimately, these structural shifts in 

household formation effectively offset technical efficiency gains and behavioral 

changes, preventing an overall decline in residential demand. These findings underscore 

the critical need to integrate demographic trends into energy policy and decarbonization 

strategies. 

Analysis of energy conservation requirements between 2021 and 2030, as required to 

meet the official targets set by the PNIEC, further reinforces the central role of 

demographics in achieving these targets. In 2021, total residential consumption stood at 

488,517 TJ across 18.08 million households (27,014 MJ/household). Under the 

historical conservation rate (θ = 1), Model 1 forecasts a reduction to 453,854 TJ by 

2030 (0.81% annual societal reduction; 2.57% yearly household reduction), while 

Model 2 yields 432,626 TJ (0.71% societal; 2.47% yearly household). To meet the 

government’s target of a 1.69% annual societal reduction—translating to 419,043 TJ in 

Model 1 or 395,748 TJ in Model 2 by 2030—θ must exceed 1.75 in Model 1 (requiring 

> 3.39% yearly household reduction) and 2.25 in Model 2 (> 3.40% yearly household 

reduction). These requirements vastly exceed historical rates, demonstrating that 

demographic shifts toward smaller households make policy targets more challenging. 

This aligns with the literature, which highlights that demographic blind spots in 

modeling lead to overly optimistic decarbonization pathways (3). 

Based on these findings, two primary policy directions emerge: reducing the average 

dwelling size and significantly scaling up energy-efficient home renovations and 

retrofits.  

First, aligning new housing supply with demographic shifts requires promoting smaller, 

more compact homes, especially in urban areas, and prioritizing vertical housing (e.g., 

apartments) over detached or semi-detached houses. Detached housing, often associated 

with higher energy consumption, remains prevalent in low-density areas, where floor 

area per capita is higher, and energy demand is elevated (35). This policy aligns with 

international literature indicating that floor area is a significant predictor of household 

electricity use (45,46,47,48,49) and residential energy consumption (44). In Spain, 

urban sprawl, particularly in high-income and coastal areas, is correlated with increased 

electricity consumption (36), underscoring the need for compact urban development 

strategies. Research in coastal Spain has also found that the higher the number of 
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dwellings per building, the lower the energy consumption per dwelling (50). Therefore, 

in Spain, where 41.2% of total residential energy use in 2022 was accounted for by 

heating (51), the potential savings from smaller dwellings would be enormous. 

Second, to meet the PNIEC’s target of reducing residential energy consumption per 

square meter by 16% by 2030, Spain must retrofit at least 1.37 million dwellings. 

However, as of April 2025, the Professional College of Property Managers estimates 

that only 285,000 renovations will be completed by that date, far below the target (52). 

This represents less than a quarter of the target and reflects the broader trend of 

underperformance in residential-sector energy conservation. This underscores the urgent 

need to accelerate the implementation of the Long-Term Strategy for Energy 

Rehabilitation in the Building Sector, which aims to achieve a zero-emission housing 

stock by 2050 (53), and which already includes tax incentives and lump-sum subsidies. 

Efforts should prioritize the oldest and most energy-inefficient buildings, frequently 

inhabited by low-income and elderly residents, by streamlining administrative 

processes, enhancing financial instruments such as green loans and subsidies, and 

providing robust technical support. 

These two policy priorities—downsizing dwellings and massively scaling up retrofits—

are interdependent and mutually reinforcing. Smaller, energy-efficient homes not only 

align better with demographic realities but also offer a more cost-effective path to 

meeting Spain’s energy targets. Without these structural transformations, the growing 

number of small households will offset much of the expected energy savings from 

efficiency improvements. Future residential energy policy must therefore be spatially 

and demographically aware, ensuring that the housing system evolves in line with the 

social and environmental demands of the coming decades. 

The primary limitation of this research resides in the divergent treatment of 

demographic dynamics between the two analytical frameworks employed. Model 1 

utilizes an aggregate approach that prioritizes total consumption volume over internal 

household structure. By relying on pooled data across all household types, it implicitly 

assumes a static, homogeneous household structure over time. This model adopts a 

uniformity assumption, projecting a consistent rate of energy conservation across the 

residential sector regardless of the inhabitants' age or household size. In contrast, Model 

2 employs a disaggregated framework to capture heterogeneous demographic shifts. 

While this model accounts for the trend toward shrinking household sizes and aging 

populations, its results are constrained by specific assumptions regarding the impact of 

reduced economies of scale. Based on empirical data for 2006-2023, the analysis 

assumes that as households become smaller and more fragmented, they inevitably 

become less efficient, thereby offsetting expected technological gains and behavioral 

changes. Furthermore, the model assumes that energy conservation potential is 

intrinsically tied to specific household types. Moreover, cohort effects are not 

considered. Given that previous studies have shown that future energy consumption 

patterns are shaped by changes in population structure and the overlap of generational 
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profiles3, the estimation results presented in this paper may be biased by the omission of 

cohort effects. 

The study's results would likely shift significantly if alternative demographic or 

behavioral assumptions were applied to the residential energy models. Regarding the 

tension between behavioral adaptation and structural inertia, if the models assumed that 

smaller or elderly households could adopt high-efficiency behavioral changes, such as 

smart home automation or communal living arrangements, the efficiency penalty 

associated with fragmentation might be less severe than Model 2 suggests. Furthermore, 

while the current model assumes that energy conservation rates follow historical trends 

(r) or fixed acceleration rates (θ), a rapid breakthrough in affordable, small-scale retrofit 

technology could cause the modest reduction rates projected for senior households to be 

substantially exceeded. Finally, alternative migration or urbanization trends could alter 

projected outcomes, as the study currently relies on projections assuming a continued 

rise in single-person units. Should economic factors or social policies encourage a 

return to multi-generational living, the economies of scale currently being lost would 

reappear, making national energy targets significantly easier to achieve without the 

drastic 3.4% annual per-household reduction that the model identifies as necessary. 

Future research should prioritize disaggregated modeling of energy behavior and 

technology adoption among elderly and single-person households. It could also examine 

in more detail differences in energy consumption patterns between immigrant and non-

immigrant households. Longitudinal studies are needed to understand how aging 

impacts energy use over time. It would be helpful if the Household Budget Survey, for 

instance, retained the same households in the sample for more than two periods, as it 

currently does, so that following households' behavior over their life cycle and as they 

age would provide valuable information for policy design. In the meantime, as 

suggested by one of the reviewers, we may create a pseudo-panel using Household 

Budget Survey data as an alternative to tracking families over time. 

 

Appendix 1. Calculation of total energy consumption 

In the Household Budget Survey, energy consumption is reported in different units: 

electricity in kWh, city and natural gas in m³, liquefied gas in kg, and liquid fuel in 

liters. To ensure comparability, we convert these values into megajoules (MJ) using 

standard conversion factors from the OECD and International Energy Agency (54). The 

 
3 Bardazzi and Pazienza (56) analysed electricity and natural gas consumption patterns among Italian 

households, finding that younger generations consume more energy than older households. They suggest 

that this pattern may reflect the influence of living environments experienced during the formative stages 

of life. In contrast, Inoue et al. (26) examined total energy consumption—including electricity, natural 

gas, and kerosene—among Japanese households and found that older generations consume more energy 

than younger generations. They attribute this difference to changes in energy source choices and the 

downsizing of housing over the life course. 
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conversion factors are as follows: City and natural gas: 33.9 MJ/m³, Liquid gas: 46.2 

MJ/kg, Liquid fuel: 34.8 MJ/L. 

 

Appendix 2. Changes in average energy consumption over the entire survey period 

Figure A1 illustrates changes in average energy consumption over the entire survey 

period by household type. The figure indicates that average energy consumption 

declined for all household types except single elderly households. It also shows 

temporary increases in energy consumption during the Global Financial Crisis and the 

COVID-19 pandemic. The increase during the former period is attributed to higher 

unemployment, while the growth during the latter period is attributed to infection risks 

that compelled individuals to remain at home as well as to legal confinements set by 

authorities. To mitigate the influence of these exceptional circumstances, this study 

focuses on comparing energy consumption patterns from 2006 to 2023. 

Fig A1. Household growth rate (base = 2024) 

 

Appendix 3. Estimation of the number of households 

The INE’s population estimates provide data on the number of households by size. 

However, we aim to estimate the number of households by both size and type. To 

achieve this, we calculated the proportion of each household type within specific 

household-size categories, using historical census data as the reference. 
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Table A1. Estimated number of households 

 Total single-person two-persons three-persons four-persons 

  Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Type 8 Type 9 

Year  
working-

age 
senior 

working-

age only 

at least 

one senior 

with one 

minor 
adult only 

with 

minors 
adult only 

with  

minors 

2024 19,310,776 3,160,310 2,273,659 2,433,878 2,693,969 426,323 2,438,133 1,429,109 1,615,478 2,839,916 

2025 19,671,198 3,263,531 2,347,920 2,495,866 2,762,580 437,181 2,458,232 1,440,890 1,618,960 2,846,038 

2026 20,026,547 3,366,934 2,422,314 2,556,712 2,829,929 447,839 2,477,212 1,452,016 1,622,076 2,851,515 

2027 20,364,411 3,467,381 2,494,579 2,616,209 2,895,784 458,261 2,493,675 1,461,665 1,623,260 2,853,597 

2028 20,681,965 3,566,828 2,566,125 2,673,867 2,959,603 468,360 2,506,032 1,468,908 1,621,586 2,850,655 

2029 20,977,839 3,665,969 2,637,452 2,728,598 3,020,183 477,947 2,514,285 1,473,746 1,617,024 2,842,634 

2030 21,244,779 3,759,011 2,704,390 2,780,013 3,077,092 486,953 2,518,873 1,476,436 1,610,625 2,831,386 

2031 21,487,754 3,847,295 2,767,905 2,828,912 3,131,217 495,518 2,520,294 1,477,269 1,602,406 2,816,937 

2032 21,712,140 3,932,954 2,829,531 2,875,460 3,182,739 503,672 2,518,754 1,476,366 1,592,733 2,799,931 

2033 21,922,903 4,017,406 2,890,290 2,920,024 3,232,065 511,478 2,514,691 1,473,984 1,581,964 2,781,001 

2034 22,118,643 4,098,116 2,948,357 2,962,225 3,278,776 518,870 2,508,909 1,470,595 1,571,025 2,761,770 

2035 22,307,244 4,177,654 3,005,579 3,003,981 3,324,995 526,184 2,501,833 1,466,447 1,559,341 2,741,230 

2036 22,489,804 4,256,359 3,062,203 3,044,542 3,369,890 533,289 2,493,712 1,461,687 1,547,575 2,720,547 

2037 22,667,026 4,333,845 3,117,950 3,083,976 3,413,537 540,196 2,484,860 1,456,498 1,535,987 2,700,177 

2038 22,838,031 4,409,972 3,172,719 3,121,065 3,454,590 546,693 2,475,569 1,451,052 1,525,185 2,681,187 

2039 23,001,927 4,483,355 3,225,514 3,156,131 3,493,404 552,835 2,466,078 1,445,490 1,515,304 2,663,816 

For this analysis, we assume that household composition in 2030 will remain consistent 

with that of INE’s Population and Housing Census (55). Specifically, 58% of single-

person households will consist of working-age individuals, while 42% will consist of 

elderly individuals. Among two-person households, 44% are assumed to include only 

working-age individuals, 49% to include at least one person aged 65 or older, and the 

remaining 7% to be single-parent households with one child. Three-person and four-or-

more-person households are classified based on the presence of children: it is assumed 

that 37% of three-person households and 64% of larger households will include 

children. 

The projected number of households under these assumptions is shown in Table A.1. 

Using the attached program, it is possible to adjust assumptions about demographic 

trends and generate predictions for energy consumption. 
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