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Abstract 
The recent focus on new strategies towards the achieve-

ment of smart cities and energy community goals has re-

quired a massive use of urban scale tools for building en-

ergy modelling.  The main aim is to support decision mak-

ers to address urban energy policies allowing the develop-

ment of energy scenarios combining multiple actions. De-

spite some exceptions of simplified input datasets, urban 

scale simulation tools commonly require a large amount of 

input data to describe the building stock investigated, de-

pending on the tool and the modelling purpose. Several 

literature studies explained the building stock modelling 

challenge, enhancing the current lack of complete data-

bases describing the national building stock. The regional 

datasets of energy performance certificates are not fit for 

purpose and are often not available for research or statis-

tical analysis. To tackle this issue, a hybrid approach com-

bining different sources of information can be imple-

mented; however, large quantities of data belonging to 

heterogeneous datasets must be updated, harmonized, in-

tegrated, potentially reducing the available data or reduc-

ing the accuracy. For these reasons, a possible way is the 

definition of archetype and prototype buildings, defined 

as ideal buildings described by sets of characteristics con-

sidered as representative of certain clusters of the building 

stock. However, a major challenge still must be solved: 

how is it possible to properly distribute archetype proper-

ties respecting the real presence of buildings within the 

considered location? In this work the last Italian popula-

tion and housing census has been used to determine the 

distribution of building typologies according to the Italian 

building stock. Statistical analysis allowed for the cluster-

ing of the available information to deal with the lack of 

information for urban scale modelling tools, providing 

 
1 Available at https://irena.org/publications/2021/Jun/World-En-

ergy-Transitions-Outlook (Apr 23rd, 2024). 

useful data for the representativity of available infor-

mation within the national building stock. Future applica-

tions will apply the methodology to other case studies. 

 

1. Introduction 

The building and construction sector, which is re-

sponsible for 36% of global final energy consump-

tion and 37% of energy-related CO2 emissions in 

2020 (GBC, 2021), holds a pivotal role in the global 

energy transition. To tackle the pressing issue of cli-

mate change, the World Energy Transition Outlook 

report by IRENA1 emphasizes the urgent need for 

drastic reductions in global CO2 emissions, aiming 

for net zero by 2050 to meet the 1.5 °C climate target. 

A significant portion, up to US 963 billion $/year, is 

earmarked for building interventions, focusing on 

boosting renewable energy usage and adopting en-

ergy-efficient technologies1. The European Union 

(EU) lead this commitment, allocating a quarter of 

its budget's financial resources to tackle climate 

change. With the European Green Deal, targeting 

climate neutrality by 2050, member states are urged 

to incorporate sustainability principles, cleaner con-

struction practices, and a cleaner and less emissive 

building sector into decisions regarding energy-re-

lated policies and investments (EU, 2019). 

Upgrading the current building stock to a zero-car-

bon-ready standard stands out as a critical priority 

in meeting the decarbonization goals set for the sec-

tor by 2030 and 2050. However, retrofitting the 

building stock to a zero-carbon-ready standard 

poses a tough challenge, given that a minimum of 

40% of developed economies' building floor area 
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predates modern energy-efficiency standards, in-

cluding the Rio Conference of 1992 and the Kyoto 

protocol of 1997. Attaining this objective requires a 

robust annual deep renovation rate of over 2 %, 

spanning the period from the present to 2030 and 

beyond (Teres-Zubiaga et al., 2020). Given that the 

rates of building retrofits have not reached the set 

targets for many years, and that these rates need to 

speed up drastically, the switching from a single 

building renovation approach to a district scale per-

spective is the most effective, considering the poten-

tial connections among buildings and the achieva-

ble share of renewable energy sources. However, 

the need to shift from the idea of single buildings 

retrofit to that of entire districts requires the support 

of large amount of data on buildings’ characteris-

tics, HVAC properties, and user profiles to fully 

hold the retrofit needs and potentials. The concep-

tualization of urban-level strategies requires the cre-

ation of building archetypes to broaden the perspec-

tive beyond individual buildings and capture the 

prevailing building typologies for effective model-

ling (Carnieletto et al., 2021) and retrofit technolo-

gies definition. However, gathering information on 

large building stocks often relies on census data due 

to the limited availability of extensive datasets. Typ-

ically, this data is anonymized and does not go be-

yond a province or municipal scale nor provide de-

tailed characteristics that may be useful for the pur-

pose of the archetypes. Therefore, the development 

of comprehensive archetypes requires a combina-

tion of a diverse set of data obtained from various 

sources (Mata et al., 2014). 

The use of census data is an essential approach for 

researching and developing applications in multiple 

areas concerning the built environment.  

Census data can be used for extrapolating infor-

mation regarding the frequency of building charac-

teristics in terms of materials, geometry, end uses, 

etc. This approach is normally used to achieve a 

good characterization of building stocks without 

validating the dataset at single building scale, sup-

porting the definition of important indicators for so-

cioeconomic weaknesses. By integrating data gath-

ered from surveys or local datasets, it is possible to 

better characterise groups of buildings or areas ac-

cording to the intended goals of the analyses. For 

example, questionnaires are used to document the 

habits regarding the use of household appliances 

(Duman et al., 2023), energy consumption of decen-

tralised sources (Marigo et al., 2021), or economic 

characteristics of households and how these affect 

their spending and well-being (Perchiunno et al., 

2020). 

Despite the wide application range of census data, 

the databases are often not easily accessible, if not 

even closed to consultation. This is the case for Italy. 

Various studies attempting to develop strategies for 

the energy renovation of the Italian building sector 

have faced countless difficulties in obtaining the 

necessary data due to this fragmentation of data-

bases (Agugiaro, 2016). The use of data made avail-

able by the National Institute of Statistics (ISTAT) 

databases represents a necessary and fundamental 

solution to cope with the shortcomings. When it 

comes to the residential real estate sector, the quan-

tities of data offered by ISTAT are useful for charac-

terising buildings by age, construction type and 

building systems.  Although not always fully repre-

sentative, due to the lack of updates since 2011, the 

outcomes obtained represent a significant baseline 

for any work saving time-consuming analysis and 

for the development or national archetypes for ur-

ban scale energy simulations.  

2. Method 

In 2011 ISTAT released the 15th Census of the na-

tional population. Data was collected and grouped 

at municipal level, with algorithms able to check the 

reliability of each group of individual data, as de-

scribed by the detection strategies (Carbonetti, 

2023). 

Since the main goal of this analysis is to statistically 

represent the national building stock to provide use-

ful information for urban scale analysis and energy 

retrofit scenarios, the main outcomes concern a set 

of minimum information characterizing buildings 

in order to develop detailed archetypes to perform 

energy simulations. The geometric layout has been 

excluded from the analysis. In general, there is a 

lack of datasets regarding the geometrical layout of 

building footprints; when available, they can be up-

loaded from georeferenced tools. 

 Italy is divided in five different areas, as the 
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location and the related historical development and 

cultural differences may influence the installed 

building technologies: 

- North West: Piemonte, Liguria, Valle d’Aosta, 

Lombardia 

- North East: Veneto, Trentino Alto Adige, Friuli 

- Venezia Giulia, Emilia Romagna  

- Centre: Toscana, Umbria, Marche, Lazio,  

- South: Campania, Calabria, Puglia, Basilicata, 

Abruzzo, Molise 

- Islands: Sicilia and Sardegna 

 

Nationwide, a total of 14,452,680 buildings were 

surveyed in 2011. The database can be divided in 

two main categories: residential and non-residential 

buildings. The work focused on the residential sec-

tor which represents the largest share of the sur-

veyed buildings (around 12,187,698 constructions). 

The analysis is based on the 110 Italian provinces 

grouped by geographic area. Based on the defined 

pertinence area (from north to south), the average 

surface areas and user related variables, such as the 

typical occupancy ratio, have been discussed. Fur-

thermore, buildings have been grouped according 

to the period of construction and to the main build-

ing technology adopted (bricks, concrete, or other 

materials). The last subsection describes the main 

energy sources for space heating and domestic hot 

water.  

3. Results 

The 12,187,698 residential buildings include about 

31,208,161 housing units surveyed in 2011; 77.3% 

were occupied by at least one resident person, with 

the remaining 22.7% being vacant or occupied only 

by non-residents. Probably due to the intense pres-

ence of tourism and the related services, Valle d'Ao-

sta had about 50.1% of homes unoccupied by resi-

dents, followed by Calabria (38.8%) and Molise and 

the province of Trento (37.1%). On the contrary, the 

province of Bolzano (88%), Lombardy (85%) and 

Campania (83%) has the highest ratio of units occu-

pied by residents. The outcomes presented in the 

following paragraphs can be considered as distinc-

tive features for the description of national arche-

types, outlining some fundamental characteristics 

in terms of structural typology, generation systems, 

and usage type based on climatic zone, region, and 

year of construction. These results can be used to 

complement existing databases or serve as a frame-

work for the construction of national archetypes. 

3.1 Building Use 

About 84.3% of the total buildings investigated be-

long to the residential sector (Table 1), among which 

51.8% are single dwellings. The same trend can be 

seen at regional scale, excluding Valle d’Aosta 

(about 73.6%).  

Table 1 – Building stock division based on end uses 
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N. blds 

[Millions] 
14.4 3.32 2.78 2.44 3.63 2.32 

Resid. 84.3% 83.9% 85.9% 83.8% 84.3% 83.6% 

Product 2.0% 2.7% 2.6% 2.0% 1.3% 1.3% 

Comm. 1.7% 1.8% 1.7% 1.8% 1.6% 1.4% 

Tertiary 0.4% 0.5% 0.4% 0.4% 0.4% 0.4% 

Tourism 0.4% 0.4% 0.5% 0.5% 0.4% 0.3% 

Service 1.2% 1.4% 1.3% 1.3% 1.2% 1.0% 

Other 4.8% 5.1% 4.1% 6.1% 4.0% 4.8% 

Non  

defined 
5.1% 4.2% 3.4% 3.9% 6.8% 7.2% 

Figure 1 shows the share between non-residential 

buildings (16% at national scale), which include 

constructions for productive use (18.9%), followed 

by commercial (16.2%) and services (11.7%). The 

smallest share belongs to tourism/reception and of-

fice/tertiary use (about 4% each).  

 

 

Fig. 1 – Building stock representation based on end uses (residen-
tial excluded) 
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3.2 Geometry and 
User Related Variables 

Italy has a fairly even distribution of residential 

building types. Small (31%) and medium to large 

apartment blocks (40%) are the most frequent dwell-

ings (Table 2). A significant difference can be seen 

within the northern regions: on the east side, the 

prevalent housing solution is the condominium 

with three to ten units (29%), while on the west side 

and central area almost half of the residential build-

ing are apartment blocks with more than 11 internal 

units. This trend can be linked to the massive indus-

trial development after the world wars, which gath-

ered groups of people to find employment (Salvati 

et al., 2017). Several districts of the bigger cities un-

derwent urban development based on wide blocks 

intended for less affluent people and owned by the 

municipality or local authorities. 

The southern area traces the same national share, 

while islands prefer small condominiums; the rea-

son could be related to the highest building density 

in the main cities, while the countryside is mostly 

left for activities related to agriculture and animal 

farms. Single family houses are almost equally 

spread nationwide, with a slightly higher presence 

in the islands. 

Table 2 – Residential building per number of internal units 

Area 
Number of units 

1 2 3-10 >11

Italy 17% 13% 31% 40% 

North West 17% 10% 25% 48% 

North East 17% 16% 39% 29% 

Centre 13% 12% 31% 44% 

South 17% 13% 32% 39% 

Islands 20% 17% 35% 28% 

Looking at the average surface of dwellings (Ta-

ble 3), similar shares can be distinguished. The in-

terval of 80-99 m2 is the most evenly distributed; this 

size is compatible with an apartment for a family of 

three or four people, which represents 14% (north-

west) to 21% (centre) of the typical user occupancy 

2  https://www.istat.it/storage/ASI/2021/capitoli/C18.pdf (May 10th) 

(Table 4). The share of the smallest area is not repre-

sentative; similarly, dwellings with more than six 

users have a share of less, except in the southern re-

gions where it is 2.3%. 

Although around 30% of the buildings in each area 

are inhabited either by one or two people, the small-

est dwelling areas are less frequent. 

The census investigated is the last complete data-

base describing the national building stock but it 

dates back 2011, thus an updated version would 

probably present some differences. In the past 13 

years, part of the buildings could have been retrofit-

ted according to the retrofit targets imposed by 

standards promoting strict policies on energy effi-

ciency. Furthermore, the average occupancy density 

of buildings per area may have changed due to the 

continuous evolution of the population. However, 

considering that the number of new buildings de-

creased (from 54,664 in 2018 to 49,100 in 20202), the 

national renovation rate was about 0.85% per year 

until 20203, and the occupancy density profile will 

be attributed based on the area of interest in case of 

urban scale analysis, the information reported can 

still be considered as a baseline for the representa-

tion of the Italian stock when validating for example 

urban scale energy models. 

Table 3 – Share of the residential building per dwelling area 

Dwelling 

area [m2] 
Italy NW NE Centre South Island 

29 0.1% 0.2% 0.1% 0.1% 0.1% 0.1% 

30-39 1.9% 2.1% 1.4% 2.0% 2.0% 1.9% 

40-49 4.6% 5.6% 3.9% 4.8% 4.2% 4.2% 

50-59 6.7% 8.2% 5.8% 7.1% 5.7% 5.6% 

60-79 21% 24% 19% 22% 18% 17% 

80-99 25% 25% 24% 25% 27% 24% 

100-119 17% 15% 18% 17% 19% 21% 

120-149 12% 10% 13% 11% 13% 15% 

>150 11% 10% 15% 10% 11% 11% 

3  Ministero dello Sviluppo Economico (MISE), Strategia per la 

Riqualificazione energetica del parco immobiliare Nazionale, 

Nov. 2020 
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Table 4 – Share of the residential building per number of  
occupants 

Number 

of users 
Italy NW NE Centre South Island 

1 30% 32% 30% 31% 25% 28% 

2 28% 30% 29% 28% 24% 25% 

3 20% 20% 20% 21% 20% 20% 

4 16% 14% 15% 15% 21% 19% 

5 4.5% 3.2% 3.8% 4.0% 6.9% 5.4% 

>6 1.6% 1.1% 1.6% 1.6% 2.3% 1.6% 

3.3 Construction Technologies 

The history of the Italian state significantly influ-

ences both the construction rate, and the technolo-

gies applied. A large fraction of the building stock 

belongs to the period before World War I (i.e., be-

fore 1918), with values ranging from 10.5% in the 

South to 14.6% in the Northwest of the country (Fig-

ure 2). The islands have the lowest share (about 

5.7%). The decline visible between the two world 

wars is recovered in the period immediately follow-

ing: 60-61% of the building stock was built between 

1946 and 1990, in the North, about 64% in the central 

area, and 67 to 70% within southern Italy and Is-

lands, respectively. This phase of high building in-

tensity can be attributed to the historical period, cor-

responding to industrial development and the ur-

gent need for building reconstruction. A conse-

quence of this rather driven development, a down-

ward trend began in the 1990s and ended with the 

financial crisis that occurred between 2008 and 2011, 

when the share of building constructions ranges on 

average between 4% and 3.5%. At regional scale, the 

behaviour can differ from the national trend. The 

most intense period in the north-west area (Pie-

monte and Lombardy) was the decade 1961-1970, 

driven by the emerging industrial and manufactur-

ing growth. Veneto and Friuli Venezia Giulia on the 

east side has on average the same share until the 

1980. Lombardy and Tuscany still have around half 

a million buildings belonging to the period before 

1918. This building category is particularly relevant 

in Tuscany, which holds a high density of historic 

buildings preserved as cultural heritage that repre-

sents 20% of the regional stock. The lowest share of 

historic constructions is registered in Sardinia, with 

less than 5 %.  

 

Fig. 2 – Number of residential buildings per period of construction 

According to Figure (3 a-e) brick structures have 

been the most common construction technology un-

til 1970 throughout the country. Later, the share of 

buildings material changed for each area, following 

the different growth of the industrial development. 

Since the early 1960s, concrete has become dominat-

ing over masonry construction in the north-west of 

the country (Figure 3a); a similar trend can be seen 

in the southern and central areas (Figures 3c, 3d, 3e), 

although from early 1970s. Within the north-eastern 

regions (Figure 3b), bricks and concrete have been 

used almost equally from 1980, with a significant 

and contemporary increase of other materials 

(mostly wood). 
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a)  

b)  

c)  

d)  

e)  
  Fig. 3 – Building share per construction material and geo-

graphic area: North West (a), North East (b), Centre (c), South 
(d), Islands (e) 

 

3.4 Energy Sources for Space Heating  

Some information was collected concerning the en-

ergy source used for space heating. Natural gas is 

still the main source (Figure 4), supplying on aver-

age more than 70% of the buildings, as can be seen 

from the national statistics. Islands have a signifi-

cantly lower share due to a less developed distribu-

tion grid. For the same reason, a notable fraction of 

diesel boilers and solid fuels, mostly wood, are still 

used for space heating. 

On average electricity was supplying 5% of space 

heating systems; however, due to the lack of distrib-

uted natural gas pipelines, increased solar radiation 

and windy areas, electric energy is the heating 

source for 22% of the buildings in the two main is-

lands (Sicily and Sardinia). 

 

 

Fig. 4 – Distribution of energy sources for space heating 

The same system is used for space heating and do-

mestic hot water in about 69% of the dwellings in 

the country. When looking at smaller areas, this so-

lution has been adopted in 85.6% of the buildings 

located in the north-east, 69.6% on the north-west 

and 74.2% in the central regions. Southern areas are 

closed to the national median (65.2%), while the Is-

lands area covers only 35.5%, mostly due to the lack 

of methane pipelines, thus gas fired boilers. Accord-

ing to the report on the national energy system pro-

vided in 2023 by the national agency for new tech-

nologies, energy and sustainable economic develop-

ment (ENEA, 2023), gas is still the most used fuel; 

although the demand in 2023 decreased by 2% com-

pared to 2022, ENEA attributes the main reason to 

favourable climatic conditions. A decline was 
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estimated also for other commodities, in particular 

petroleum products and electricity from the grid. 

The different distribution of generation systems de-

pends also on the location and the related climate 

zone. The distribution of the climatic zones (from A 

to F, classified based on DPR 412 (1993) has been 

studied at municipal scale, thus grouped for the rep-

resentation at regional scale. In figure 5, zone A is 

almost not represented since it is attributed only to 

two locations (Lampedusa and Porto Empedocle), 

thus the geographical representation is negligible. 

Zone F is typical of mountain areas; thus, it is pre-

sent in the Alps and Apennines. Zone B can be 

found only in the South, while C and D commonly 

describe the coastal area. Climate zone E is the vast-

est area throughout the Italian peninsula. 

 

 

Fig. 5 – Climate zone distribution (municipality share per  
climate) 

4. Discussion and Conclusion 

The present work represents a first analysis of the 

building census provided by ISTAT in 2011, aiming 

to obtain a reliable statistic to be applied for urban 

scale energy simulations. Due to the lack of com-

plete databases describing the national building 

stock, the outcomes obtained can complete other 

partial datasets, allowing the development of repre-

sentative building archetypes for specific periods of 

construction and geographical areas. Within this 

framework, this paper provides a first description of 

the Italian building stock, mostly focused on resi-

dential dwellings that cover the majority of the 

buildings. In the last 13 years, the situation has 

partly changed due to the policies concerning en-

ergy savings and the improvement of energy effi-

ciency. However, the renovation rate up to 2022 was 

about 0.85% per year; after that a massive incentive 

policy supporting refurbishment actions partly in-

creased the renovation rate, which is still far from 

the goal (1.2%, with respect to a goal of 2.1%). There-

fore, the resumed information can still be used as a 

valid statistic for a baseline validation of urban scale 

building energy models while updated information 

are not available. In fact, some input parameters 

used in a modelling or simulation process are de-

fined by specific tools (like georeferenced tools that 

provide geometric data), while others are based on 

average values derived from standards or from ran-

domized distributions. This means that instead of 

using precise local data for every input, the model 

relies on statistical averages that represent typical 

conditions for specific input categories. This ap-

proach helps to smooth out the effects of localized 

variations, ensuring that the simulation reflects 

broader trends rather than specific local conditions. 

Moreover, large scale models (i.e., wider than small 

district level) aim to represent the overall perfor-

mance rather than the single building calibration. 

Furthermore, the outcomes obtained can be used for 

the calibration of national case studies. In conclu-

sion, the methodology used and the variables inves-

tigated, based on statistical analysis, could serve as 

key indicators for defining national archetypes, 

highlighting essential characteristics such as struc-

tural typology, generation systems, and usage pat-

terns according to climatic zones, regions, and con-

struction years. These findings can enhance existing 

databases or provide a foundation for developing 

national archetypes. A realistic view of building 

performances allows the development of more tai-

lored policies, thus more achievable goals, accord-

ing to the regional outcomes. Future research will 

focus on collecting data at a more localized level 

(province or municipality), incorporating more re-

search findings as they become available, and ap-

plying these outcomes to various case studies to as-

sess their potential utility, such as studying the 

building stock distribution to design case specific 

energy strategies with policymakers or urban plan-

ners. 
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