
Veni, vidi, vixi: Heterogeneities in residential floor space and energy 
consumption across households in Italy

Alessio Mastrucci a,b,* , Gianluca Maracchini b , Jarmo Kikstra a , Tommaso Zaini a ,  
Bas van Ruijven a

a International Institute for Applied Systems Analysis (IIASA), Energy, Climate, and Environment (ECE) Program, Schlossplatz 1, 2361 Laxenburg, Austria
b University of Trento, Department of Civil, Environmental and Mechanical Engineering, Via Mesiano, 77, 38123 Trento, Italy

A R T I C L E  I N F O

Keywords:
Housing size
Household heterogeneities
Ageing
Linear regression
Inequality
Sufficiency

A B S T R A C T

Floor space is an important housing indicator closely linked to both service levels and energy consumption. Floor 
space levels have been commonly related to income, yet heterogeneities across housing and household groups, 
including gender and age, are mostly overlooked. An improved understanding of how floor space relates to 
household and housing characteristics and energy consumption is needed to better support policies related to 
energy poverty, sufficiency, and access to decent living standards.

We use national household microdata and statistical analysis to investigate the distribution and heterogene
ities of residential floor space and energy consumption across the population of Italy, a relevant case study due to 
ageing, ownership patterns, and regional and other disparities. Although per capita floor space is positively 
associated with expenditure levels, our empirical findings indicate that household composition and size are even 
stronger predictors. Per capita floor space is three times larger for singles compared to couples with two children 
or more, and even higher for elderly singles. Households living below two per capita floor space thresholds (15 
m2/cap and 30 m2/cap) exhibit distinct characteristics, with significant overlaps with difficult economic con
ditions for the lower threshold. Per capita natural gas energy consumption exhibits similar heterogeneities across 
household types, sizes, and expediture deciles, while energy consumption intensity per unit of floor space de
creases with increasing floor space. This study highlights the importance of considering household heterogeneity 
in floor space and energy consumption analyses to improve the understanding and modelling of living conditions 
and to inform sufficiency policies.

1. Introduction

The buildings sector is facing increasing pressure to reduce its direct 
and indirect energy consumption and related greenhouse gas (GHG) 
emissions to contribute to climate targets [1]. Despite gradual progress 
in energy efficiency improvements over the last decades, total energy 
consumption in buildings has not declined due to growing building 
stocks and increasing service demand [2]. Floor space is an important 
indicator of building stock size and service levels in buildings [3,4]. 
Floor space is tightly linked to total energy consumption of buildings, as 
energy requirements generally increase with the size of heated or cooled 
space [5–7]. At the same time, sufficient floor space is an important 
constituent of Decent Living Standards (DLS), which represent a set of 
minimum material requirements necessary to support human wellbeing 
[8].

The importance of avoiding overcrowding in homes is broadly 
recognized as an element of DLS for shelter, together with building 
durability and home comfort, helping to reduce physical and mental 
health risks and improve access to wellbeing. Rao and Min [8] use 
recommended minimum living space standards from Taiwan and Korea, 
alongside middle-class home sizes in India and China, as guidelines to 
propose 30 m2 per home plus a minimum of 10 m2 per member of the 
household. Several follow-up global studies have adopted this same 
definition [9,10], while others have used direct scaling rates per capita 
without accounting for current household size distributions, often opt
ing for 15 m2/cap [11–13] to represent the minimum floor space 
considered necessary for human wellbeing.

While one side of the spectrum focuses on minimum floor space to 
support human activities, low occupancy rates and excess floor space are 
becoming causes for concern in several world regions, indicating 
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overconsumption of energy and resources [14]. In the European Union 
(EU), 34% of the population lives in underoccupied homes, offering an 
untapped potential for optimizing the use and reuse of existing buildings 
[15]. Yet, most of the existing building policies narrowly focus on car
bon and energy intensity reductions, while overlooking inequalities and 
housing shortage [15].

Sufficiency is a selection of strategies that aim to reduce energy and 
material demands through shifts in consumption behaviour and life
styles, such as absolute service reduction, modal shifts, longevity, and 
sharing to address both overconsumption and deprivation [16–23]. 
Sufficiency has been increasingly designated as a key pillar of mitigation 
strategies, together with efficiency and consistency, and plays a key role 
in achieving low demand-based carbon neutrality and energy security 
across Europe [24,25]. An emission reduction potential of 19% for the 
Europe and Eurasia region has been estimated for sufficiency strategies 
in buildings [1]. Per capita floor space reduction is at the core of suffi
ciency for the residential sector, as reuse or more intensive use of vacant 
or underoccupied buildings can improve the efficiency of existing re
sources while reducing the need for new construction [26,27]. Detailed 
analysis of the potential for emission reduction through sufficiency, 
however, has been limited by the lack of detailed data on floor space 
[28]. An improved understanding of floor space heterogeneities across 
housing and household types is critical to further assess sufficiency 
strategies while ensuring basic service levels [4]. Conversely, an accu
rate representation of current floor space deprivation is crucial to avoid 
wrongly ascribing mitigation potential to households that already live in 
smaller living spaces.

A large body of empirical research has investigated buildings' energy 
consumption and its determinants related to building characteristics and 
socio-demographic, using microdata and field survey [5,29–31]. Con
ditional demand analysis (CDA) is commonly used to decompose 
aggregate household energy consumption into end-use–specific de
mands, conditional on appliance ownership, dwelling characteristics, 
and household attributes [32–35]. In contrast, the literature on empir
ical floor space analysis and mapping with socio-demographic charac
teristics in residential buildings is surprisingly sparse. In national and 
global studies, per capita floor space is usually differentiated by region, 
location (urban and rural), and housing type [36–38]. Floor space has 
been commonly related to income levels, expenditure levels, or gross 
domestic product (GDP) [39,40]. More detailed analysis of the distri
bution of residential floor space across building types and income levels 
was only found at the urban and city level [41,42]. Thus, there is a 
critical research gap and limited understanding of how floor space varies 
across socio-demographic and household characteristics, particularly 
household composition and size, and how these patterns relate to energy 
consumption at the national level. This study addresses this gap by 
investigating heterogeneities in floor space across a broad set of housing 
and household characteristics. It aims to improve understanding of how 
service levels relate to energy consumption and support policies that can 
simultaneously promote minimum service provision and reduce exces
sive floor space toward climate and sustainable development goals.

To this end, we provide a novel empirical analysis of residential floor 
space across building and household characteristics and its relationship 
with energy consumption at the national level in Italy. We carry out an 
exploratory analysis based on detailed household microdata, and run 
regression analyses to quantify the relationship between floor space and 
a set of explanatory variables, including socio-demographics (household 
composition, expenditure levels, tenure, and age and sex of household 
members) and housing characteristics (housing type and period of 
construction). We analyse inequalities in the distribution of floor space 
and the characteristics of households below different thresholds of per 
capita floor space. Finally, we examine natural gas energy consumption 
using a CDA model and compare it with floor space to identify joint 
patterns across household groups. We focus on the national residential 
stock of Italy, providing an interesting case study due to significant 
heterogeneities in both housing and household characteristics, as well as 

a relative high share of the elderly population, specific ownership pat
terns, and regional and other disparities. Detailed microdata for Italy are 
available from the Italian National Institute of Statistics (ISTAT) [43], 
providing a comprehensive dataset for our analysis. We further discuss 
the application of a similar methodology to other countries with a 
minimum dataset. This study could help target policies on the provision 
of basic living standards and the reduction of overconsumption. The 
analysis and data provided by this study can support improved model
ling of policy scenarios focused on floor space and energy consumption 
reductions, targeting specific household and housing types, beyond the 
current practice of applying uniform interventions across the entire 
stock.

2. Methods

2.1. Survey microdata

We use the microdata for public use of the Household Budget Survey 
run by ISTAT [43] for the year 2019, chosen to avoid the more recent 
COVID years. The yearly sample is of 28,000 households, representative 
of the Italian population. Table 1 reports the variables used in the 
analysis, covering geographical context, socio-demographics, housing, 
and energy consumption. Housing size is reported as useful floor space 
per dwelling unit (m2). In this paper, we only consider floor space for 
primary homes while secondary homes are not included. We calculate 
per capita floor space by dividing housing floor space by household size. 
We identify ten relevant household types by combining information on 
household size, household reference person, including age and gender, 
and relationship to the reference person of other household members 
(see next section for more details on household grouping). In the absence 
of income data, households are ranked by equivalized per capita con
sumption expenditure and grouped into deciles, following common 
practice in welfare and inequality analysis [44,45]. Consumption 
expenditure is widely used as a welfare measure in household surveys 
when income data are not available, forming the basis for distributional 
results across household groups [46]. While expenditure has been 
indicated as a more appropriate measure of the standard of living and 
material wellbeing than income [47–49], using expenditure deciles can 
result in lower inequality estimates compared with income deciles 
[46,50]. We calculate equivalised expenditure deciles by dividing the 
total household expenditures by the weighted number of members and 
ranking the results. The weights correspond to 1 for the reference per
son, 0.5 for other adult members, and 0.3 for minors [43,51]. Other 
household-related variables include tenure and household size. A more 
detailed accounting of income and wealth conditions will be part of 
future work.

Housing variables include housing type and period of construction. 
We estimate natural gas energy consumption (hereafter "gas consump
tion") from household survey expenditures, using information from the 
Italian national energy authority (ARERA) on price structures, including 
fixed and variable components and regionally differentiated costs and 
taxes [52] (see Supplementary Information, section 3.1). Results are 
expressed per unit of floor space (kWh/m2/yr) and per capita (kWh/ 
cap/yr). We select natural gas as the most common energy carrier for 
space heating, domestic hot water, and cooking in Italy and used data 
from households with natural gas connection. We include the five 
NUTS1 regions in the floor space analysis to account for regional dif
ferences and the twenty NUTS2 regions in the gas consumption analysis 
to better reflect different climate and contextual conditions.

2.2. Household grouping

We group households based on household type and expenditure 
deciles. To enhance comparability and policy relevance, we adopt pre
defined household types rather than empirical groupings, aligned with 
Eurostat standards [53]. We identify relevant household types in 
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subsequent steps (see Supplementary Information, section 1, for detailed 
analysis and intermediate results). First, we adopt existing household 
types as reported in the European household composition statistics [53], 
including single adults, single adults with children, and family with 
children by number of children. We consider dependent children aged 
0–17 years. We expand the set of household types by introducing an age- 
based distinction between elderly and non-elderly households, defined 
based on the household reference person in the survey. This distinction 
reflects the significant share of elderly households in Italy and their 
distinct housing characteristics, such as larger-than-needed dwelling 
size [54,55]. We add further differentiation by gender for singles with 
and without children, as female face different conditions and are often 
more affected by housing challenges, such as energy poverty [56]. 
Second, we examine differences in per capita floor space across these 
pre-defined household groups using weighted analysis of variance 
(ANOVA) [57] and assess statistical significance of group differences 
using design-corrected F-tests. Following the overall ANOVA, we 
conduct post-hoc pairwise comparisons of group means using estimated 
marginal means with Tukey-adjusted p-values [58]. Third, we refine and 
confirm the household grouping based on the results of the ANOVA and 
pairwise comparisons, sample size, and characteristics of specific 
household types. As part of this step, we merge the single male with 
children household type with the others group, due to a small share of 
total households (0.7%). Similarly, we merge single male and single fe
male households into the single group (both for non-elderly and elderly) 
due to statistically insignificant per capita floor space differences. 
Fourth, we perform a second round of ANOVA and pairwise comparison 
on the final household grouping as a validation and robustness check. 
Fifth, we conduct Oaxaca–Blinder decompositions [59] to further 
characterize the differences in per capita floor space across household 
types and complement this with exploratory clustering analysis using 
latent class analysis (LCA) [60,61] to check the robustness of the set of 
identified household types.

Fig. 1 shows the distribution of the selected household types by 
expenditure decile and total households. While the different household 
types are present in all deciles, some differences in their relative share 
can be noted. In particular, the share of single-person households and 
couple without children increases in higher deciles, while single female 
with children, family with two, three or more children, and other 
households are more represented in lower deciles.

2.3. Microdata exploration

We process the survey microdata using the software R [62] and 
relevant packages for statistical analysis. For data exploration, we sys
tematically examine patterns and potential relationships in the dataset 
using data visualization. First, we map households and housing char
acteristics by exploring the relationship between household types and 
expenditure deciles with housing type, tenure, and period of construc
tion. Then, we analyse the distribution of per capita floor space across 
potential explanatory variables, including housing type, tenure, region, 
period of construction, household type, household size, and expenditure 
deciles. For gas consumption, we explore distributions both in per capita 
terms, to enable comparison with the corresponding per capita floor 
space analysis, and per unit of floor space, to better understand energy 
consumption intensities related to housing conditions and operation.

2.4. Regression analysis

Linear regression models are widely used to investigate the rela
tionship between housing characteristics and residential energy con
sumption. We develop five regression models to estimate residential per 
capita floor space (Floor) using different sets of explanatory variables. 
The explanatory variables include per capita expenditures (Expendi
tures), household type, household size, housing type, period of con
struction tenure, region (NUTS1 level), and household type. We Ta

bl
e 

1 
O

ve
rv

ie
w

 o
f t

he
 v

ar
ia

bl
es

 s
el

ec
te

d 
fo

r 
th

e 
an

al
ys

is
.

D
im

en
si

on
Va

ri
ab

le
Ty

pe
U

ni
ts

 a
nd

 v
al

ue
s

N
ot

es

Fl
oo

r 
sp

ac
e

Fl
oo

r 
sp

ac
e

O
ri

gi
na

l
m

2 /d
w

el
lin

g
Pr

im
ar

y 
re

si
de

nc
e 

on
ly

. A
ss

um
ed

 a
s 

flo
or

 s
pa

ce
 p

er
 h

ou
se

ho
ld

.
​

Fl
oo

r 
sp

ac
e 

pe
r 

ca
pi

ta
D

er
iv

ed
m

2 /c
ap

D
er

iv
ed

 b
as

ed
 o

n 
to

ta
l fl

oo
r 

sp
ac

e 
pe

r 
dw

el
lin

g 
an

d 
ho

us
eh

ol
d 

si
ze

So
ci

o-
 

de
m

og
ra

ph
ic

s
H

ou
se

ho
ld

 ty
pe

D
er

iv
ed

Si
ng

le
, s

in
gl

e 
fe

m
al

e 
w

ith
 c

hi
ld

re
n,

 c
ou

pl
e 

w
ith

ou
t c

hi
ld

re
n,

 c
ou

pl
e 

w
ith

 o
ne

 c
hi

ld
, c

ou
pl

e 
w

ith
 tw

o 
ch

ild
re

n,
 c

ou
pl

e 
w

ith
 th

re
e 

or
 m

or
e 

ch
ild

re
n,

 e
ld

er
ly

 s
in

gl
e,

 e
ld

er
ly

 c
ou

pl
e,

 
el

de
rl

y 
ot

he
r, 

ot
he

r

Ba
se

d 
on

 h
ou

se
ho

ld
 s

iz
e 

an
d 

co
m

bi
na

tio
n 

of
 a

ge
 o

f t
he

 h
ou

se
ho

ld
 h

ea
d,

 s
ex

 o
f 

th
e 

ho
us

eh
ol

d 
he

ad
, a

nd
 re

la
tio

ns
hi

p 
w

ith
 th

e 
ho

us
eh

ol
d 

he
ad

 o
f t

he
 h

ou
se

ho
ld

 
m

em
be

rs
​

H
ou

se
ho

ld
 s

iz
e

O
ri

gi
na

l
1,

2,
3,

4,
5,

6 
or

 m
or

e
​

​
Te

nu
re

O
ri

gi
na

l
O

w
ni

ng
, R

en
tin

g,
 O

th
er

 (
in

cl
ud

in
g 

us
uf

ru
ct

)
​

​
To

ta
l e

xp
en

se
s

O
ri

gi
na

l
EU

R/
ho

us
eh

ol
d/

yr
​

​
D

ec
ile

s
D

er
iv

ed
1 

to
 1

0
D

er
iv

ed
 b

as
ed

 o
n 

eq
ui

va
liz

ed
 y

ea
rl

y 
ex

pe
nd

itu
re

s
H

ou
si

ng
H

ou
si

ng
 ty

pe
D

er
iv

ed
Si

ng
le

 F
am

ily
 H

ou
se

 (
SF

H
), 

M
ul

ti-
Fa

m
ily

 H
ou

se
 (

M
FH

), 
A

pa
rt

m
en

t b
lo

ck
 (

A
BL

)
A

gg
re

ga
te

d 
to

 th
re

e 
ca

te
go

ri
es

 b
as

ed
 o

n 
or

ig
in

al
 d

at
a

​
Pe

ri
od

 o
f c

on
st

ru
ct

io
n

O
ri

gi
na

l
<

19
00

; 1
90

0–
49

; 1
95

0–
59

; 1
96

0–
69

; 1
97

0–
79

; 1
98

0–
89

; 1
99

0–
99

; 2
00

0–
09

; >
20

09
​

Co
nt

ex
t

Re
gi

on
O

ri
gi

na
l

N
U

TS
1 

(5
 r

eg
io

ns
): 

N
or

th
w

es
t, 

N
or

th
ea

st
, C

en
te

r, 
So

ut
h,

 a
nd

 In
su

la
r 

Ita
ly

.
​

En
er

gy
 

co
ns

um
pt

io
n

N
at

ur
al

 g
as

 e
xp

en
di

tu
re

O
ri

gi
na

l
EU

R/
ho

us
eh

ol
d/

yr
​

​
N

at
ur

al
 g

as
 e

ne
rg

y 
co

ns
um

pt
io

n
D

er
iv

ed
kW

h/
ho

us
eh

ol
d/

yr
D

er
iv

ed
 b

as
ed

 o
n 

to
ta

l n
at

ur
al

 g
as

 e
xp

en
di

tu
re

 p
er

 h
ou

se
ho

ld
 a

nd
 g

as
 p

ri
ce

 a
nd

 
ta

ri
ffs

.
​

N
at

ur
al

 g
as

 e
ne

rg
y 

co
ns

um
pt

io
n 

pe
r 

ca
pi

ta
D

er
iv

ed
kW

h/
ca

p/
yr

D
er

iv
ed

 b
as

ed
 o

n 
to

ta
l n

at
ur

al
 g

as
 c

on
su

m
pt

io
n 

an
d 

ho
us

eh
ol

d 
si

ze
.

​
N

at
ur

al
 g

as
 e

ne
rg

y 
co

ns
um

pt
io

n 
pe

r 
un

it 
of

 fl
oo

r 
sp

ac
e

D
er

iv
ed

kW
h/

m
2 /y

r
D

er
iv

ed
 b

as
ed

 o
n 

to
ta

l n
at

ur
al

 g
as

 c
on

su
m

pt
io

n 
pe

r h
ou

se
ho

ld
 a

nd
 fl

oo
r s

pa
ce

.

A. Mastrucci et al.                                                                                                                                                                                                                              Energy & Buildings 367 (2026) 117745 

3 



introduce household type and household size one at a time due to 
detected collinearity (see Supplementary Information, Section 2.2 for 
full diagnostics). To enhance the models, we use logarithmic trans
formations for per capita floor space, per capita expenditures, and 
household size. Because both expenditures and household size, as well 
as the dependent variable per capita floor space, were log-transformed, 
the corresponding regression coefficients can be interpreted as elastici
ties. The equations underlying the five models are the following: 

Model F1 : Log(Floor) = β0 + β1⋅Log(Expenditures)

+
∑

i
βi⋅Household type+

∑

j
βj⋅Housing type

+
∑

k

βk⋅Period of construction+
∑

l

βl⋅Tenure

+
∑

m
βm⋅Region (NUTS1)+ ε

(1) 

ModelF2 : Log(Floor) = β0+β1⋅Log(Expenditures)+β2⋅Log(Householdsize)

+
∑

j
βj⋅Housingtype+

∑

k
βk⋅Periodofconstruction

+
∑

l
βl⋅Tenure+

∑

m
βm⋅Region(NUTS1)+ε

(2) 

Model F3 : Log(Floor) = β0 + β1⋅Log(Expenditures)+
∑

i
βi⋅Householdtype

+
∑

j
βj⋅Housingtype+ ε

(3) 

Model F4 : Log(Floor) = β0 + β1⋅Log(Expenditures)

+ β2⋅log(Householdsize)+
∑

i
βi⋅Housingtype+ ε

(4) 

Model F5 : Log(Floor) = β0 + β1⋅Log(Expenditures)+ ε (5) 

Model F1 and F2 include the full set of selected explanatory variables 
with either household type or household size. With model F3 and F4, we 
consider a limited set of variables, namely expenditures, either house
hold size or household type, and housing type, that are more easily 
retrievable for other countries and can explain a large share of the 
variation in results. Finally, model F5 tests the predictive power using 
equivalised expenditures only. Diagnostics and additional analyses with 
models introducing only household size or household types are in the 
Supplementary Information, section 2.

We use CDA [32–35] to estimate end-use specific gas consumption as 
a function of socio-economic, structural, and contextual factors. Gas 
consumption is decomposed into a baseline component associated with 
cooking, common to almost all gas-using households, and additional 
components attributable to domestic hot water and space heating. 
Similar to other studies [5,63], we model these end uses within a linear 
regression framework that relates gas consumption per capita or per unit 
of floor space to household composition and housing characteristics, 
while controlling for structural differences across dwellings. Regional 
fixed effects are included to capture climatic and geographic heteroge
neity affecting heating demand, consistent with previous studies 
[64,65]. This approach is complementary to other studies on energy 
consumption in Italy that used bottom-up analysis [66] or energy ex
penditures [67]. We develop two sets of models to estimate gas con
sumption (Gas) per capita (models G1, G2) or per unit of floor space 
(models G3, G4) based on a set of household, housing, and contextual 
characteristics, introducing alternatively household size (model G1, G3) 
and detailed household types (model G2, G4): 

Log(Gas) = β0 + β1⋅DHW + β2⋅Space heating + β3⋅Log(Expenditures)

+ β4⋅Log(Floor total)+
∑

i
βi⋅Household type+

∑

j
βj⋅Housing type

+
∑

k
βk⋅Period of construction+

∑

l
βl⋅Tenure

+
∑

m
βm⋅Region (NUTS2)+ ε

(6) 

Log(Gas) = β0 + β1⋅DHW + β2⋅Spaceheating + β3⋅Log(Expenditures)
+ β4⋅Log(Floortotal)+ β2⋅Log(Householdsize)

+
∑

j
βj⋅Housingtype+

∑

k
βk⋅Periodofconstruction

+
∑

l
βl⋅Tenure+

∑

m
βm⋅Region(NUTS2)+ ε

(7) 

Where DHW indicates the use of gas for domestic hot water (yes or 
no), Space heating the use of gas for space heating (yes or no), and Floor 
total the dwelling floor space. Differently from floor space, we consider 
here the twenty Italian regions (NUTS2 level) to fully account for dif
ferences in climate and context. Model diagnostics are reported in the 
Supplementary Information, section 3.2.

2.5. Floor space distribution and decent living analysis

We analyse the distribution of per capita floor space at the national 
level and fit a parametric distribution by testing different alternative 

Fig. 1. Shares of household types by expenditure deciles and total.
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functions with the R package “fitdistrplus” [68]. The Gini coefficient 
[69] is a measure of statistical dispersion commonly used to estimate 
inequality. It varies between 0 and 1, with 0 corresponding to perfect 
equality and 1 to perfect inequality. It is broadly used to represent in
come inequality and, by extension, energy and resources inequality 
[10,70,71]. Here, we use the Gini coefficient as one indicator to describe 
inequality in per capita floor space distributions.

We finally investigate the characteristics of households with low per 
capita floor space below two different thresholds (below 15 m2/cap and 
below 30 m2/cap) and the intersection with qualitative self-assessed 
economic resources and absolute poverty. The latter is defined as the 
condition of a household with consumption expenditures below the 
value of a basket of essential goods and services needed to avoid social 
exclusion [43]. The lower value of 15 m2/cap represents a minimum 
value in line with DLS requirements, broadly supported by the existing 
literature [11–13]. With per capita floor space at higher levels in 
developed countries, we investigate an additional threshold of 30 m2/ 
cap aligned with floor space sufficiency values proposed for Europe 

[24,72] (see Introduction for additional information on the theoretical 
foundation of the adopted thresholds). We further explore additional 
thresholds (10 and 20 m2/cap) in the Supplementary Information, sec
tion 5.3 as a sensitivity analysis.

3. Results

3.1. Mapping households and housing characteristics

Mapping households and housing characteristics is essential for un
derstanding the distribution of floor space and energy consumption. We 
investigate how households are distributed across housing types, tenure, 
and building construction periods by household type and expenditure 
decile (Fig. 2). The results show clear differences in housing type 
composition across household types, with higher shares of singles, 
couples without children, and elderly singles living in apartment blocks 
(ABL), compared with couples with children and other household types. 
Moving from lower to higher expenditure levels, the share of ABL 

Fig. 2. Mapping of household types and expenditure deciles with housing types (A), tenure (B), and periods of construction (C).
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increases, while the share of multi-family houses (MFH) decreases, likely 
indicating a larger share of households living in urban contexts 
(Fig. 2A). Regarding tenure (Fig. 2B), singles and couples without chil
dren have higher share of renting, while ownership is generally higher 
for couples with children and elderly households, but not for couples 
with three or more children. The period of construction of buildings 
largely differs across household types and expenditure deciles (Fig. 2C). 
Singles and single females with children have higher share living in 
older buildings (built before 1970) and lower share in newer buildings 
(built after 2000) compared to couples with children. Almost 60% of the 
elderly singles live in buildings built before 1970 while the share living 
in recent buildings (built after 2020) is lower than 5%. Similarly, the 

share of other elderly households living in buildings built before 1970 is 
above 40%. These results highlight a major divergence between elderly 
households and other households in terms of the age of the buildings 
they live in. Differences are also evident across expenditure levels, 
where households in higher deciles tend to live in newer buildings and 
those in lower deciles in older and potentially lower-quality buildings. 
However, the share of older buildings (before 1950) is higher for the top 
expenditure decile, likely indicating residences with higher historical 
value.

Fig. 3. Distribution of per capita floor space across different housing and household types: by housing type (A), by tenure (B), by region NUTS1 (C), by expenditure 
deciles (D), by household size (E), and by housing type (F).
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3.2. Floor space heterogeneities and distributions

3.2.1. Exploring heterogeneities
We explore here the distribution of per capita floor space across key 

housing and socio-demographic dimensions, including housing type, 
tenure, region, expenditure decile, and household type (Fig. 3). Addi
tional results on the distribution of total dwelling floor space on a per- 
household basis are reported in the Supplementary Information, 
section 4. The results confirm that per capita floor space is higher in SFH 
(median 50 m2/cap) than MFH (median 40 m2/cap) and ABL (median 
44 m2/cap). Rented dwellings have generally lower per capita floor 
space than owned and other dwellings. Regional differences are smaller, 
but dwelling space is larger in the Northwest and smaller in the South. 
Per capita floor space increases with expenditure levels, from a median 
30 m2/cap for the first decile to more than 60 m2/cap for the tenth 
decile. Yet, the largest differences in per capita floor space are across 
household types and sizes. Single-person households have the highest 
per capita floor space, with median values of 75 m2/cap for non-elderly 
households, corresponding to three times the median values of couples 
with two children (25 m2/cap), and almost four times the median values 
of the couple with three or more children (19 m2/cap). Elderly single 
households have even higher per capita floor space, with median 85 m2/ 
cap. Per capita floor space diminishes with household size, where cou
ples with three or more children have the lowest values.

Fig. 4 provides an overview of average per capita floor space values 
by expenditure decile and household type. The heatmaps reveal three 
patterns. First, household size is a strong predictor of per capita floor 
space. The difference between the average per capita floor space be
tween the singles and the couples with three or more children is 
remarkable and consistent across expenditure deciles (ranging from 44 
m2/cap in the first decile to 63 m2/cap in the tenth decile). Second, 
higher expenditure levels are associated with increased per capita floor 
space across all household types, and especially for single-person 
households. For instance, the difference between the floor space of the 
highest decile and the lowest decile is 34 m2/cap for singles compared to 
12 to 15 m2/cap for couples. Third, across different expenditure levels 
and household sizes, elderly people show consistently higher per capita 
floor space than non-elderly households. In particular, elderly singles 
live in spaces that are 7 to 21 m2/cap larger space than those of non- 
elderly singles. The combination of these three effects leads to a differ
ence of up to 94 m2/cap (or factor 6) between the minimum per capita 
floor space (17 m2/cap, for couples with three or more children in the 

first decile) and the highest (111 m2/cap, for elderly singles in the tenth 
decile).

3.2.2. Regression results
Table 2 shows the results of the five estimated regression models for 

per capita floor space (see Supplementary Information, section 2 for 
model diagnostics and additional analyses). Models F1 and F2 include 
the broadest set of variables with either household type (model F1) or 
household size (model F2) included. Most variables were found to be 
significant, with the exception of the region Center and specific periods 
of construction (1960–69, >2009 and, for model F1, 2000–09). The two 
models can explain a significant share of the variability in per capita 
floor space, with R2 values of 0.675 and 0.705 respectively. As observed 
in the data exploration, expenditures correlate positively with per capita 
floor space, while household size (model F2) is negatively correlated. All 
household types were found to be significant in model F1, with the 
regression coefficients reflecting the differences highlighted in the data 
exploration. The coefficients for MFH and ABL are negative as they have 
lower floor space levels relative to the reference SFH housing type. Pe
riods of construction and regions show relatively small coefficients, 
indicating more limited variation compared to the other categorical 
variables in the model. The effect of tenure relative to owning (reference 
value) is negative for both renting and other categories. In models F3 
and F4, a limited number of variables, namely expenditures, either 
household type or household size, and housing type, and can still explain 
a large part of the variability with an R2 value of 0.656 and 0.680 
respectively. While models F3 and F4 are similar in their performance, 
only model F3 can account for differences in floor space between age 
and gender groups with the same number of household members, e.g. 
elderly single, or single female with children. On the other hand, 
introducing only expenditures as a predictor of per capita floor space in 
model F5 results in a very low R2 of 0.068, showing that additional 
variables, in particular household size or household type, are essential to 
explain the variability within the data. Relative importance measures 
computed using the LMG (Shapley–Owen) decomposition of R2 are re
ported in Table 3. The results show that household size or household 
type alone can explain the largest variance share with values of around 
85% in models F1 and F2 and more than 87% in models F3 and F4. 
Expenditures exhibit a much lower share of variance between 6.6% and 
8.6%, followed by housing type at 3–4% across models F1-F4.

Fig. 4. Average values of per capita floor space by household types and expenditure deciles.
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3.2.3. Floor space distribution and decent living standards
Per capita floor space follows a right-skewed distribution across the 

sample of the Italian population, with a long tail of high values (Fig. 5). 
A lognormal function with mean 3.823 and standard deviation 0.572 of 
the natural logarithm of the data provided the best fit for this distribu
tion relative to gamma, Weibull, and logistic functions (Supplementary 

Information, section 5.2). This floor space distribution is associated with 
a Gini coefficient of 0.32, similar to levels of income inequality in Italy 
[73], but much lower than wealth inequality [74]. While international 
data on floor space inequality are extremely sparse, the calculated Gini 
coefficient lies within the range reported in the literature for residential 
buildings in different world regions (see Supplementary Information, 

Table 2 
Results of the regression analysis for five different models of per capita floor space. The independent variable is represented by the log of per capita floor space in m2/ 
cap. Reference values for categorical variables are: “single” for household type; “SFH” for housing type;”<1900” for period of construction; “owning” for tenure; and 
“Northwest” for region (NUTS1),

Group Variable Model F1 Model F2 Model F3 Model F4 Model F5

​ Intercept 3.014*** 3.255*** 2.845*** 3.097*** 1.918***
​ ​ (0.038) (0.036) (0.033) (0.031) (0.052)
Expenditures log(Expenditures) 0.196*** 0.171*** 0.216*** 0.192*** 0.263***
​ ​ (0.005) (0.004) (0.004) (0.004) (0.007)
Household size log(Household size) ​ − 0.816*** ​ − 0.800*** ​
​ ​ ​ (0.004) ​ (0.004) ​
Household type Single female with children − 0.692*** ​ − 0.685*** ​ ​
​ ​ (0.013) ​ (0.013) ​ ​
​ Couple without children − 0.538*** ​ − 0.520*** ​ ​
​ ​ (0.010) ​ (0.010) ​ ​
​ Couple with one child − 0.910*** ​ − 0.892*** ​ ​
​ ​ (0.011) ​ (0.011) ​ ​
​ Couple with two children − 1.107*** ​ − 1.079*** ​ ​
​ ​ (0.011) ​ (0.011) ​ ​
​ Couple with three or more children − 1.281*** ​ − 1.268*** ​ ​
​ ​ (0.020) ​ (0.020) ​ ​
​ Elderly single 0.105*** ​ 0.130*** ​ ​
​ ​ (0.008) ​ (0.009) ​ ​
​ Elderly couple − 0.466*** ​ − 0.420*** ​ ​
​ ​ (0.009) ​ (0.009) ​ ​
​ Elderly other − 0.748*** ​ − 0.705*** ​ ​
​ ​ (0.010) ​ (0.010) ​ ​
​ Other − 0.950*** ​ − 0.912*** ​ ​
​ ​ (0.009) ​ (0.009) ​ ​
Housing type MFH − 0.154*** − 0.166*** − 0.174*** − 0.191*** ​
​ ​ (0.006) (0.006) (0.006) (0.006) ​
​ ABL − 0.195*** − 0.203*** − 0.227*** − 0.240*** ​
​ ​ (0.006) (0.006) (0.006) (0.005) ​
Period of construction 1900–49 − 0.056*** − 0.059*** ​ ​ ​
​ ​ (0.013) (0.012) ​ ​ ​
​ 1950–59 − 0.054*** − 0.062*** ​ ​ ​
​ ​ (0.013) (0.012) ​ ​ ​
​ 1960–69 − 0.018 − 0.014 ​ ​ ​
​ ​ (0.012) (0.011) ​ ​ ​
​ 1970–79 0.038** 0.045*** ​ ​ ​
​ ​ (0.012) (0.011) ​ ​ ​
​ 1980–89 0.038** 0.042*** ​ ​ ​
​ ​ (0.012) (0.012) ​ ​ ​
​ 1990–99 0.027* 0.027* ​ ​ ​
​ ​ (0.013) (0.012) ​ ​ ​
​ 2000–09 − 0.015 − 0.034** ​ ​ ​
​ ​ (0.013) (0.012) ​ ​ ​
​ >2009 − 0.010 − 0.031+ ​ ​ ​
​ ​ (0.017) (0.016) ​ ​ ​
Tenure Renting − 0.157*** − 0.178*** ​ ​ ​
​ ​ (0.007) (0.006) ​ ​ ​
​ Other − 0.103*** − 0.129*** ​ ​ ​
​ ​ (0.009) (0.008) ​ ​ ​
Region (NUTS1) Northeast 0.031*** 0.037*** ​ ​ ​
​ ​ (0.007) (0.007) ​ ​ ​
​ Center − 0.013+ − 0.004 ​ ​ ​
​ ​ (0.007) (0.007) ​ ​ ​
​ South 0.054*** 0.064*** ​ ​ ​
​ ​ (0.007) (0.007) ​ ​ ​
​ Islands 0.073*** 0.077*** ​ ​ ​
​ ​ (0.009) (0.009) ​ ​ ​

​ R2 0.675 0.705 0.656 0.680 0.068
​ R2 Adj. 0.674 0.704 0.656 0.680 0.068
​ AIC 153500.5 151688.6 154512.7 153165.5 173107.6
​ BIC 153719.9 151845.3 154622.4 153212.5 173131.1
​ F-statistic 1488.306 2472.546 2967.902 9910.888 1364.02
​ p-value <2.2⋅10-16 <2.2⋅10-16 <2.2⋅10-16 <2.2⋅10-16 <2.2⋅10-16

​ RMSE 0.32 0.30 0.33 0.32 0.54

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘+’ 0.1 ‘’ 1.

A. Mastrucci et al.                                                                                                                                                                                                                              Energy & Buildings 367 (2026) 117745 

8 



section 5.1). This level of inequality is plausible because per capita floor 
space reflects households’ economic resources, shaped by both dispos
able income and wealth, yet it captures only a subset of total wealth. In 
particular, housing constitutes only one physical asset, while wealth 
inequality is amplified by the much stronger upper-tail concentration of 
financial and business assets. In addition, because we consider only 
primary residences, the estimated floor space Gini is likely conservative; 
including secondary homes would likely increase it, since second-home 

ownership is more concentrated among wealthier households.
To further explore the characteristics of the households with low per 

capita floor space values, we investigate two different thresholds (15 
m2/cap and 30 m2/cap). We find that 28.2% of the households live on 
less than 30 m2/cap and 2.1% live under 15 m2/cap (Fig. 5). Significant 
shares of the households below the 15 m2/cap threshold experience 
challenging economic conditions, with 35% living in absolute poverty 
and 67% assessing their economic resources as insufficient or scarce. 
The economic situation improves significantly when considering the 
group of households below the higher 30 m2/cap threshold, which in
cludes a much larger share of the population. In this group, 12% of the 
households are in absolute poverty conditions, and 42% report their 
economic resources as insufficient to scarce. Household characteristics 
vary when assuming different per capita floor space thresholds, but 
some patterns are consistent across groups. The households below these 
thresholds are mostly families with children, with almost 50% and 40% 
of the households below 15 m2/cap and 30 m2/cap respectively being 
families with at least two children. Households in the other and other 
elderly groups also account for substantial shares. While moving to the 
higher per capita floor space threshold broadens the range of expendi
ture levels represented, the three lower deciles are consistently promi
nent and represent 73% and 44% of the households below the 15 and 30 

Table 3 
Results of variance decomposition analysis for four different models of per capita 
floor space.

Variable Share of explained variance (%)

Model F1 Model F2 Model F3 Model F4

log(Expenditures) 7.5 6.6 8.6 7.6
log(Household size) ​ 84.9 ​ 87.9
Household type 84.4 ​ 87.1 ​
Housing type 3.4 3.4 4.3 4.5
Period of construction 1.1 1.1 ​ ​
Tenure 3.2 3.4 ​ ​
Region (NUTS1) 0.5 0.5 ​ ​

Fig. 5. Distribution of households by per capita floor space (A). Note that the last three bins have different size compared to the others. Share of households below 
two different per capita floor space thresholds (15 and 30 m2/cap) by economic status, including economic resources and absolute poverty (B), and household 
characteristics, including household type, expenditure decile, tenure, and region (C).
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m2/cap thresholds respectively. Almost half of the households below 15 
m2/cap (49%) live in rented dwellings, while the proportion of owners 
significantly increases with higher floor space thresholds. Important 
differences exist across regions, with large shares of households below 
the thresholds living in Southern Italy, up to 31% of the households 
below 10 m2/cap and 26% of the households below 30 m2/cap. Similar 
results are observed across a broader range of floor space thresholds (10, 
20, and 30 m2/cap) (see Supplementary Information, section 5.3). In 
particular, the findings indicate a gradual improvement in economic 
conditions as higher thresholds are applied, capturing an increasingly 
larger share of households.

3.3. Gas consumption heterogeneities

3.3.1. Exploring heterogeneities
Fig. 6 presents the distribution of gas consumption across different 

household and housing groups. Per capita and per m2 results reveal 
different patterns. Per capita gas consumption gradually increases with 
higher per capita floor space, confirming the tight relationship with floor 
space. In contrast, energy intensity per unit of floor space decreases, 
probably due to larger shares of unheated rooms in larger dwellings. Gas 
consumption increases across expenditure deciles both in per capita and 
per m2 terms. However, differences in per m2 consumption across 
expenditure levels are comparatively smaller, plateauing at medium-to- 

Fig. 6. Distribution of gas consumption per capita (MWh/cap/yr)(panels A,C,E,G) and per unit of floor space (kWh/m2/yr) (panels B,D,F,H) across different housing 
and household groups: per capita floor space bins (A,B), expenditure deciles (C,D), household sizes (E,F), and household types (G,H).
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high expenditure levels. This pattern may be related to several aspects. 
Higher expenditure deciles include a larger share of single-person 
households, likely using heating less intensively during the day. They 
also predominantly reside in MFH and ABL housing types, which typi
cally exhibit lower heat losses due to more favourable surface-to-volume 
ratios compared to SFH. In addition, these groups have a higher share of 
recently constructed buildings (Fig. 2), which generally require less 
heating due to better insulation. At the same time, the highest decile also 
shows a relatively large share of older buildings (pre-1970), likely 
suggesting a higher prevalence of renovations and more efficient energy 
systems. The analysis of per capita gas consumption by household size 
and household type reveals similar patterns as those observed for per 
capita floor space distribution, namely high consumption for single- 
person households and lower consumption as the household size in
creases. In contrast, gas consumption per m2 increases with household 
size, even though differences are relatively smaller. Elderly households 
exhibit higher per capita consumption compared to the corresponding 
non-elderly households both in per capita and per m2 terms. This could 
be explained by the higher share of older buildings for elderly house
holds (Fig. 2) and higher thermal comfort needs. Additional results on 
the distribution of gas consumption on a per-household basis are re
ported in the Supplementary Information, section 4.

3.3.2. Regression results
This section reports the results of the CDA for gas consumption using 

four models, assuming either gas consumption per capita (models G1 
and G2) or per unit of floor space (models G3 and G4) as dependent 
variable (Table 4). Additional model diagnostics are reported in the 
Supplementary Information, section 3.2. All models include a broad set 
of variables related to the end-uses of gas, context, housing, and 
household characteristics, with either household type (models G1 and 
G3) or the log of household size (models G2 and G4). The four models 
can explain a lower share of variability compared to floor space 
regression models, with the two models on per capita basis reporting R2 

values of 0.298 (model G1) and 0.306 (model G2), and the per m2 

models exhibiting smaller R2 values of 0.123 and 0.118.
The results show that hot water and space heating have statistically 

significant positive coefficients relative to the base cooking end-use in 
all estimated models. Household expenditure coefficients are statisti
cally significant and positively correlated with gas consumption in all 
models, confirming the data exploration results. Both household size 
and household type–related variables are statistically significant and 
exhibit opposite effects when gas consumption is expressed in per capita 
versus per-m2 terms. Household size is negatively associated with gas 
consumption in per capita models and positively associated in per-m2 

models. Similarly, per capita floor space has a negative coefficient in 
models G1–G2 and a positive coefficient in models G3–G4, consistent 
with the trends observed in the exploratory data analysis. While both 
tenure and housing type are statistically significant across all model 
specifications, with both MFH and ABL exhibiting lower values relative 
to SFH, the period of construction is generally not significant, except for 
the most recent construction period (post-2009) relative to the base 
period (pre-1900). This finding is consistent with the results of a pre
vious regression analysis on energy expenditures in Italy [67] and may 
be partly attributable to differences in renovation levels and occupant 
behaviour, leading to uncertainty in the estimates. Most of the regional 
estimates are statistically significant, with only a few exceptions, 
broadly reflecting climate and context-related differences.

We use the LMG (Shapley–Owen) decomposition of R2 to assess the 
relative importance of explanatory variables across the four models 
(Table 5). Three main insights emerge. First, household type and 
household size explain the largest share of variance in models G1 and 
G2, respectively, while per capita floor space is the most important 
variable in models G3–G4, reflecting the different unit bases of the two 
model groups (per capita versus per m2). Second, the regional dummy 
variables account for a substantial share of the explained variance in all 

models, particularly in the per m2 specifications (above 30%), high
lighting the role of climatic and contextual heterogeneity in gas con
sumption. Third, expenditures exhibit relatively large contributions 
across all models, exceeding 11% in models G1–G2 and around 8% in 
models G3–G4. Overall, the results underscore the relevance of 
household-related variables (household composition and expenditures) 
in explaining per capita gas consumption, and of structural (floor space) 
and contextual (region) factors in per m2 gas consumption.

3.3.3. Comparing floor space and gas consumption results
Comparing differences across household types and deciles relative to 

average per capita floor space and average gas consumption (per capita 
and per unit of floor space) enables the identification of joint patterns 
(Fig. 7). Across household types, percentage differences from average 
values for per capita floor space and per capita gas consumption are 
similar in magnitude. Non-elderly and elderly single groups show the 
largest positive differences relative to the average values, up to +74% 
for floor space and +70% for gas consumption for elderly single 
households. In contrast, couples with children present the largest 
negative differences, up to –61% for floor space and –57% for gas con
sumption for couples with three or more children. Per m2 gas con
sumption differences from the average are smaller, indicating less 
heterogenous patterns of energy intensities, and mostly exhibit opposite 
values in relation to per capita values. Singles have lower than average 
values, while the groups with lower floor space consistently have higher 
per m2 gas consumption. A notable exception is represented by the 
group of single females with children with both 30% lower-than-average 
per capita floor space and lower gas consumption, revealing potentially 
lower energy use than other groups with similar average per capita floor 
space.

Different patterns emerge across expenditure deciles, with deviations 
from the average being larger for per capita gas consumption than for 
per capita floor space. This reflects higher energy use in the top decile 
(+52%), driven by both larger floor space and higher energy intensity 
per unit of floor space, and lower energy use in the bottom decile 
(− 53%), due to both smaller floor space and lower energy intensity 
(Fig. 6). The analysis of per m2 gas consumption exhibits lower differ
ences with average values, but significant disparities between the top 
and bottom deciles. While the tenth decile has per m2 gas consumption 
that is 11% higher than average, the first decile has per m2 gas con
sumption that is 26% lower than average, suggesting the possibility of 
thermal comfort deprivation.

4. Discussion and conclusions

Floor space is a key dimension of housing, serving both as an indi
cator of service levels and a determinant of energy demand. By exam
ining floor space heterogeneities across key housing and household 
dimensions and their relationship with energy consumptions in Italy, 
this study contributes to bridging a critical gap in the literature on 
housing and energy demand analysis and modelling, where such re
lationships are mostly overlooked or over-simplified with a narrow focus 
on income.

We show that household size and composition are strong predictors 
of per capita floor space, with an increasing number of household 
members systematically related to lower per capita floor space. The 
difference in floor space between single-person and multi-person 
households is found at all expenditure deciles and it is even more pro
nounced at higher expenditure levels. While increasing expenditure 
levels are associated with higher per capita floor space across all 
household types, expenditure alone can only explain a limited part of the 
variability in floor space, with household type, size and housing type 
being stronger predictors. Further examination of socio-demographic 
characteristics reveals that age plays a crucial role, with elderly sin
gles living in larger dwellings than other age groups, for a given 
household size. At the other end of the spectrum, large overlaps exist 
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Table 4 
Results of the conditional demand analysis (CDA) of gas consumption. The independent variable is represented by the log of per capita gas consumption in kWh/cap/yr for models G1-G2 and by the log of gas consumption 
per unit of floor space in kWh/m2/yr for model G1-G2. Reference values for categorical variables are: “single” for household type; “SFH” for housing type;”<1900” for period of construction; “owning” for tenure; and 
“Lombardia” for region (NUTS2),

Group Variable Model G1 Model G2 Model G3 Model G4

Independent variable ​ Log(per cap gas consumption) Log(per cap gas consumption) Log(per m2 gas consumption) Log(per m2 gas consumption)
​ Intercept 5.683*** 5.894*** 5.700*** 5.894***
​ ​ (0.174) (0.170) (0.172) (0.170)
End-uses Domestic hot water 0.090*** 0.093*** 0.090*** 0.093***
​ ​ (0.022) (0.022) (0.022) (0.022)
​ Space heating 0.273*** 0.270*** 0.267*** 0.270***
​ ​ (0.043) (0.043) (0.043) (0.043)
Expenditures log(Expenditures) 0.288*** 0.225*** 0.247*** 0.225***
​ ​ (0.018) (0.018) (0.018) (0.018)
Household size log(Household size) ​ − 0.814*** ​ 0.186***
​ ​ ​ (0.016) ​ (0.016)
Household type Single female with children − 0.648*** ​ 0.218*** ​
​ ​ (0.044) ​ (0.044) ​
​ Couple without children − 0.533*** ​ 0.146*** ​
​ ​ (0.035) ​ (0.034) ​
​ Couple with one child − 0.872*** ​ 0.209*** ​
​ ​ (0.037) ​ (0.037) ​
​ Couple with two children − 1.061*** ​ 0.296*** ​
​ ​ (0.038) ​ (0.037) ​
​ Couple with three or more children − 1.172*** ​ 0.430*** ​
​ ​ (0.066) ​ (0.066) ​
​ Elderly single 0.196*** ​ 0.182*** ​
​ ​ (0.031) ​ (0.031) ​
​ Elderly couple − 0.365*** ​ 0.305*** ​
​ ​ (0.033) ​ (0.033) ​
​ Elderly other − 0.655*** ​ 0.368*** ​
​ ​ (0.038) ​ (0.038) ​
​ Other − 0.864*** ​ 0.364*** ​
​ ​ (0.031) ​ (0.031) ​
Dwelling size Log(Floorspace) 0.221*** 0.304*** − 0.714*** − 0.696***
​ ​ (0.028) (0.027) (0.027) (0.027)
Housing type MFH − 0.085*** − 0.087*** − 0.078*** − 0.087***
​ ​ (0.021) (0.021) (0.021) (0.021)
​ ABL − 0.162*** − 0.154*** − 0.152*** − 0.154***
​ ​ (0.022) (0.022) (0.022) (0.022)
Period of construction 1900–49 − 0.000 − 0.000 − 0.004 − 0.000
​ ​ (0.046) (0.046) (0.046) (0.046)
​ 1950–59 0.039 0.036 0.030 0.036
​ ​ (0.045) (0.045) (0.045) (0.045)
​ 1960–69 − 0.011 − 0.013 − 0.018 − 0.013
​ ​ (0.043) (0.043) (0.042) (0.043)
​ 1970–79 − 0.018 − 0.009 − 0.014 − 0.009
​ ​ (0.043) (0.042) (0.042) (0.042)
​ 1980–89 0.012 0.012 0.015 0.012
​ ​ (0.043) (0.043) (0.043) (0.043)
​ 1990–99 − 0.059 − 0.067 − 0.045 − 0.067
​ ​ (0.045) (0.044) (0.044) (0.044)
​ 2000–09 − 0.045 − 0.085+ − 0.048 − 0.085+
​ ​ (0.045) (0.044) (0.044) (0.044)
​ >2009 − 0.247*** − 0.282*** − 0.229*** − 0.282***
​ ​ (0.061) (0.060) (0.061) (0.060)
Tenure Renting 0.072** 0.044+ 0.081*** 0.044+

(continued on next page)
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Table 4 (continued )

Group Variable Model G1 Model G2 Model G3 Model G4

​ ​ (0.024) (0.024) (0.024) (0.024)
​ Other 0.085** 0.056+ 0.080* 0.056+
​ ​ (0.033) (0.032) (0.033) (0.032)
Region (NUTS2) Abruzzo − 0.218*** − 0.216*** − 0.213*** − 0.216***
​ ​ (0.051) (0.051) (0.050) (0.051)
​ Basilicata − 0.153+ − 0.151+ − 0.148+ − 0.151+
​ ​ (0.085) (0.084) (0.084) (0.084)
​ Calabria − 0.407*** − 0.409*** − 0.402*** − 0.409***
​ ​ (0.062) (0.062) (0.061) (0.062)
​ Campania − 0.588*** − 0.558*** − 0.550*** − 0.558***
​ ​ (0.037) (0.036) (0.036) (0.036)
​ Emilia-Romagna − 0.140*** − 0.146*** − 0.144*** − 0.146***
​ ​ (0.033) (0.033) (0.033) (0.033)
​ Friuli-Venezia Giulia − 0.014 − 0.002 0.002 − 0.002
​ ​ (0.058) (0.058) (0.058) (0.058)
​ Lazio − 0.354*** − 0.366*** − 0.359*** − 0.366***
​ ​ (0.033) (0.033) (0.033) (0.033)
​ Liguria − 0.209*** − 0.220*** − 0.218*** − 0.220***
​ ​ (0.055) (0.054) (0.054) (0.054)
​ Marche − 0.143** − 0.128** − 0.131** − 0.128**
​ ​ (0.049) (0.048) (0.048) (0.048)
​ Molise − 0.292** − 0.302** − 0.290** − 0.302**
​ ​ (0.110) (0.109) (0.109) (0.109)
​ Piemonte − 0.078* − 0.089* − 0.086* − 0.089*
​ ​ (0.038) (0.038) (0.038) (0.038)
​ Puglia − 0.294*** − 0.285*** − 0.282*** − 0.285***
​ ​ (0.035) (0.035) (0.035) (0.035)
​ Sardegna − 0.234 − 0.236 − 0.217 − 0.236
​ ​ (0.180) (0.179) (0.178) (0.179)
​ Sicilia − 0.140** − 0.140*** − 0.134** − 0.140***
​ ​ (0.043) (0.042) (0.042) (0.042)
​ Toscana − 0.198*** − 0.178*** − 0.181*** − 0.178***
​ ​ (0.036) (0.036) (0.036) (0.036)
​ Trentino-Alto Adige − 0.192* − 0.186* − 0.189* − 0.186*
​ ​ (0.079) (0.079) (0.078) (0.079)
​ Umbria − 0.267*** − 0.271*** − 0.266*** − 0.271***
​ ​ (0.063) (0.063) (0.063) (0.063)
​ Valle d’Aosta 0.130 0.122 0.131 0.122
​ ​ (0.253) (0.251) (0.251) (0.251)
​ Veneto − 0.072* − 0.069* − 0.067* − 0.069*
​ ​ (0.032) (0.032) (0.032) (0.032)

R2 0.298 0.306 0.123 0.118
​ R2 Adj. 0.295 0.304 0.119 0.115
​ AIC 186441.4 186315.9 112608.8 112647.9
​ BIC 186771.5 186588.6 112938.9 112920.6
​ F-statistic 92.931 118.021 30.714 35.836
​ p-value <2.2⋅10-16 <2.2⋅10-16 <2.2⋅10-16 <2.2⋅10-16
​ RMSE 0.80 0.80 0.80 0.80
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between low per capita floor space levels and poverty conditions. Per 
capita gas consumption reveals similar patterns, while gas consumption 
per unit of floor space increases as per capita floor space decreases and 
household size increases. The analysis in this study is correlational in 
nature and does not aim to establish causal relationships.

4.1. Wellbeing and sufficiency implications

Human wellbeing is strongly multidimensional and most concep
tions of wellbeing include housing or shelter as one of its core di
mensions [75]. Even so, the connection between living conditions and 
human wellbeing is not straightforward and insufficiently studied [76]. 
A few elements are clear in the literature. One of those is that small 
living spaces and overcrowding can be correlated with lower health- 
related quality of life, for instance due to mental health issues 
[77–79], with living space being a key factor in housing choice. Many 
European countries therefore have regulations in place determining 
minimum floor space requirements [80]. While existing studies deter
mine DLS achievement around the world [9,81], their analysis is focused 
on housing requirements in the Global South, which gives little guidance 
on wellbeing-oriented sufficiency policies in a country like Italy.

Crucially, our study’s empirical findings show that household size 
and composition are strong predictors of per capita floor space, high
lighting their importance for improving the assessment and modelling of 
DLS. An additional hint lies in the economic data responses. Most of the 

households living below the 30 m2/cap floor space threshold (58%) 
report at least adequate economic resource conditions, which may 
suggest a deliberate choice to live in such spaces that may meet their 
needs, rather than a forced situation. The data also reveal that a per 
capita floor space range of 0–15 m2/cap (2.1% of the households) is 
associated with a high prevalence of poverty and economic hardship. By 
revealing the interrelationships between household socio- 
demographics, housing characteristics, and energy expenditures, the 
analysis in this study can also support improved assessments of energy 
poverty, accounting for the key dimensions of heterogeneity. It should 
be noted that living space and gas consumption are not the only living 
condition indicators of relevance to wellbeing. Future work can also 
consider further elements such as the number of people per room and 
more detailed gender and age structures of households, as well as 
housing conditions, including mould, leaks, and general structural issues 
and upkeep, These factors could help refine the understanding of how 
needs and deprivations vary across populations. When paired with 
human wellbeing indicators, such as life satisfaction, this analysis could 
help in identifying at what levels of provisioning needs are satisfied.

By providing detailed distributions of floor space in relation to 
household characteristics, this study can also inform sufficiency policies 
targeting under-occupied or oversized homes. Critically, this study 
shows that household size and composition are key predictors of per 
capita floor space and should be better incorporated in the assessment of 
sufficiency strategies for the housing sector. As the demographic pro
jections for a country like Italy show constant decrease in fertility rates, 
rapidly aging population, and shrinking household size, the question of 
equitable access to sufficient floor space will become even more central 
in the sustainable housing discourse. This requires a shift to prioritizing 
better utilization and valorisation of the existing housing stock over new 
constructions to meet housing demand, considering strategies to balance 
occupancy levels and promote reuse, adaptation, and sharing of living 
spaces [15]. While reducing the consumption of resources, co-housing 
and collective forms of living also offer an opportunity for improved 
social interactions, health, and wellbeing [82,83]. The analysis in this 
study could support the development of policies promoting these and 
other sufficiency strategies while accounting for both infrastructural and 
socio-behavioural aspects.

Table 5 
Results of variance decomposition analysis for different models of gas 
consumption.

Variable Share of explained variance 
(%)

Model G1 Model G2 Model G3 Model G4

Domestic hot water 0.3 0.3 0.8 0.8
Space heating 1.4 1.3 3.6 3.7
log(Expenditures) 12.9 11.4 8.2 7.8
log(Household size) ​ 66.7 ​ 3.9
Household type 65.2 ​ 6.3 ​
Log(Floor space) 1.6 2.4 42.7 43.3
Housing type 2.4 2.4 2.4 2.6
Period of construction 2.7 2.8 3.3 4
Tenure 0.7 0.6 2.5 2.3
Region (NUTS2) 12.8 12.1 30.2 31.7

Fig. 7. Percentage differences of per capita floor space and gas consumption (per capita and per m2), with relative to population-weighted averages, by household 
type (left panel) and expenditure decile (right panel).
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4.2. Support to scenario modelling

Quantitative scenario modelling for the building sector is an 
important tool for supporting effective decision making. However, 
critical heterogeneities and distributions in housing, such as those in 
floor space, are largely overlooked in current building sector models. 
This limits the representation of socio-demographic dynamics that are 
key to sustainable transitions and highlights the need for additional 
empirical evidence and model improvements [4]. The detailed floor 
space estimations provided in this study inform key heterogeneities that 
can be incorporated in detailed bottom-up building model to enhance 
the representation of the status quo by mapping housing and household 
characteristics. Moreover, the regression models developed in this study 
could be integrated in future modelling exercises for Italy, or countries 
with similar housing conditions, to inform the relationship between 
floor space, households, and housing characteristics. Incorporating such 
information in building scenario modelling at the national level im
proves the accounting of floor space heterogeneities, distributions, and 
deprivations that are critical for the assessment of sufficiency, energy 
poverty, and decent living standards. Such information, combined with 
data on future socio-demographic development and enabling condi
tions, can support an enhanced representation of policies targeting 
specific housing and household groups while accounting for distribu
tional aspects, service levels, and their linkage to energy use and GHG 
emissions. These improvements could represent a step change in com
parison with the current practice, which mostly overlooks such aspects, 
enabling the representation of a broader set of policies reconciling 
climate and sustainable development considerations.

4.3. Limitations and future developments

The use of survey microdata has some limitations in the availability 
of relevant variables, for which we use proxy variables. For example, gas 
consumption is calculated based on household expenditures data, with 
potential bias due to the unavailability of more detailed data on energy 
price and tariffs. Other potentially relevant dimensions, such as urban 
and rural locations, where not analysed due to their unavailability in the 
public version of the survey. Future analysis could account for addi
tional dimensions, such as urban density, housing prices, and household 
preferences, supported by additional and novel data sources. For 
instance, remote sensing data could inform more detailed and spatially 
explicit floor space estimates [84,85], improving the explanation of 
heterogeneities through spatially explicit information. Additional data 
collected at the micro level, e.g. using social media or citizen science 
methods, could further shed light on the diverse preferences of house
holds in floor space and housing as well as related levels of subjective 
wellbeing. Our analysis only includes primary homes. Considering sec
ondary homes would have implications on the results, especially on the 
floor space of higher expenditure deciles. Further analysis on larger 
households accounting for multigenerational living and for the age of 
children and other household members, could contribute to a better 
understanding of the mapping between housing and household char
acteristics and access to sufficient floor space. We only focus here on a 
snapshot of the building stock for a specific year (2019). Timeseries and 
panel analyses could reveal trends and dynamics of floor space and 
related inequalities over time. Further analysis on timeseries and sec
ondary homes will be the subject of future work.

The results of this study are valid for Italy and generalizability to 
other countries might be limited to those with similar socio-economic 
and housing characteristics, including ownership structures. For 
instance, specific age characteristics and wealth distribution are ex
pected to play a major role in Italy, with elderly people owning a larger 
fraction of the wealth, and a relevant portion of this wealth being 
constituted precisely by housing properties. Comparisons with other 
countries could help in understanding similarities and specificities in 
different contexts in view of further results generalisation. While this 

study focuses on the analysis of the status quo, future work will make use 
of the newly generated data to support the quantitative assessment of 
policies targeting sufficiency, energy poverty, decent living standards in 
combination with climate goals.

CRediT authorship contribution statement

Alessio Mastrucci: Writing – original draft, Visualization, Method
ology, Investigation, Formal analysis, Conceptualization. Gianluca 
Maracchini: Writing – review & editing, Validation, Conceptualization. 
Jarmo Kikstra: Writing – original draft. Tommaso Zaini: Writing – 
original draft. Bas van Ruijven: Writing – review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgements

This study has received funding from the University of Trento, Italy, 
in the framework of the project DICAM-EXC financed by Italian Ministry 
of Education, Universities, and Research (Departments of Excellence 
2023–2027, grant L232/2016) for the position of Alessio Mastrucci as 
Visiting Professor in March-April 2025 and from the Horizon Europe 
Research and Innovative Action Programme under Grant Agreement No. 
101,056,810 (CircEUlar Project) and No. 101,183,367 (NewPathways). 
Views and opinions expressed are however those of the authors only and 
do not necessarily reflect those of the European Union or the European 
Climate, Infrastructure and Environment Executive Agency (CINEA). 
This work has been supported by the Energy Demand changes Induced 
by Technological and Social innovations (EDITS) project, which is an 
initiative coordinated by the Research Institute of Innovative Technol
ogy for the Earth (RITE) and International Institute for Applied Systems 
Analysis (IIASA), and funded by Ministry of Economy, Trade, and In
dustry (METI), Japan.

We would like to kindly acknowledge Benigna Boza-Kiss, Caroline 
Zimm, Michaela Potancokova, and Shuhaib Nawawi for relevant and 
insightful discussions and feedback that helped shape this work.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.enbuild.2026.117745.

Data availability

The code and data generated for this manuscript can be shared upon 
reasonable request to the authors.

References

[1] L.F. Cabeza, Q. Bai, P. Bertoldi, J. Kihila, A.F.P. Lucena, É. Mata, S. Mirasgedis, A. 
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