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Sommario

Lo sviluppo di modelli energetici del patrimonio edilizio presenta 
tuttora limitazioni legate alla mancanza di informazioni sul parco 
edilizio esistente. L’articolo è incentrato sulla creazione di un “Urban 
Building Energy Model (UBEM)” a partire da informazioni accessibili 
a tutti, con l’utilizzo di dati aggiuntivi provenienti dagli attestati di 
prestazione energetica degli edifi ci (APE). Vengono fornite Linee 
Guida, rivolte a futuri sviluppatori, riguardanti la costituzione di 
un modello energetico a scala urbana, utili in caso di mancanza 
di dati di ingresso. Tale approccio metodologico è stato appli-
cato a un isolato urbano localizzato nel Nord-Italia. Defi nito l’am-
biente virtuale sul software UMI, è stato determinato l’indice di 
prestazione energetica per il riscaldamento (EPH;nren) e questo è 
stato confrontato con il valore desunto dagli attestati di presta-
zione energetica disponibili. Nonostante si confrontino metodi 
di calcolo di! erenti, si riscontra una deviazione accettabile ("#%) 
per la destinazione d’uso residenziale.
Parole chiave:
ԥ Modello energetico edilizio urbano
ԥ Patrimonio edilizio
ԥ Prestazione energetica dell’edifi cio
ԥ Attestato di prestazione energetica
ԥ Simulazione energetica dinamica

Abstract

The development of building stock energy models still su! ers 
from the lack of information about the existing building stocks. 
The article is focused on the creation of an Urban Building Energy 
Model (UBEM) from accessible information sources, accompanied 
by input data from the Energy Performance Certifi cates (EPCs). 
Guidelines addressed to future developers, regarding the establi-
shment of an urban-scale energy model in case of data lacking, 
are provided. This methodological approach was applied to an 
urban block in Northern Italy. Once the virtual environment had 
been defi ned on the UMI software, the energy performance for 
space heating (EPH;nren) was assessed and compared to that deri-
ved from the EPCs. Despite di! erent calculation methods are 
compared, an acceptable deviation ("#%) occurs for the residen-
tial building units.
Keywords:
ԥ Urban building energy model
ԥ Building stock
ԥ Building energy performance
ԥ Energy performance certifi cate
ԥ Dynamic energy simulation
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Introduction
Heating and cooling represent !"% of the total energy demand 

in the European Union (EU), and with reference to this share, #"% 
comes directly from buildings (EC, $"%&). The Italian building stock 
consists of approximately %! million buildings, almost #"% of which 
are for residential use (CRESME, $"%'). Roughly '"% of the Italian buil-
ding stock was built before the %&("s (ISTAT, $"%%), and presents high 
potentials of energy savings. In order to achieve the EU’s $")" green-
house gas (GHG) emission reduction targets of at least *"% (EC, $"%&), 
the focus of the analysis can no longer be on individual building; it 
must necessarily be oriented to the building stock.

In literature, the most used building stock energy models are the 
bottom-up; they can be classifi ed into statistical, engineering and 
hybrid, which is the combination of the fi rst two (Swan et al., $""&; 
Kavgic et al., $"%"; Reinhart et al., $"%'). In the engineering model, the 
energy balance equations are solved directly. According to Tardioli
et al. ($"%!), the energy needs of a building stock, by statistical means, 
can be expressed through di+ erent machine-learning algorithms: 
artifi cial neural networks, support vector regression, and by some 
regression techniques. By engineering, instead, the energy behaviour 
can be described through the creation of sample or archetypes buil-
dings (Mata et al., $"%*), and the constitution of Urban Building Energy 
Models (UBEMs; Reinhart et al., $"%'; Sola et al., $"$"). The UBEMs are 
specifi cally developed to simulate the current energy performance 
of a building stock at city scale, and to develop suitable scenarios 
to assess energy savings and GHG emissions reduction potentials.

The research around the Urban Building Energy Model deve-
lopment still presents open issues that are mainly addressed to the 
consideration of microclimate in the models, the incorporation of 
studies concerning the urban mobility, the increase of model reliabi-
lity. Considering the latest aspect, a common limitation of the UBEMs 
lays in the uncertainties related to the lack of data. Information is mis-
sing either when data sources are lacking or not accessible for pri-
vacy issues or characterized by low quality. In addition, in most cases 
the validation of the models cannot be carried out, because actual 
energy consumptions are not available at the building stock level.

The objective of this article is to provide guidelines to support the 
establishment of a UBEM, to investigate the geometric and energy-
related data characterizing a given building stock, and to provide 
insights on how collecting data and justifying any assumption. The 
proposed methodology is replicable to any case study, since, in order 
to create the energy model, a challenging and complex condition 
was addressed: to create a UBEM from few data that can be acces-
sible to the scientifi c community and citizens, without any kind of 
restriction. In the present work, most of data are derived from the 
external survey of the building, the analysis of the building Energy 
Performance Certifi cates (EPCs) data repositories, and the support of 
other o,  cial documents, such as technical standards.

A specifi c focus is addressed to the implementation of the con-
tents of EPCs, as a rich basin from which extracting most data, in the 
UBEM, but at the same time to carry out compliance checks with 
other sources (e.g. surveys) as to limit uncertainties and mistakes.

The proposed methodology is applied to an urban block located 
in the municipality of Alessandria, in North of Italy. Once the virtual 
model has been defi ned, a comparison of the energy performance 
(EP) indicators of the block got by means of a UBEM tool with the EPC 
outcomes was carried out, as to check the presence of major incon-
sistencies and to verify whether the EPC database might represent 
an useful instrument to feed UBEMs.

Methodology
The presented methodology is aimed at defi ning the unknown 

parameters necessary for the creation of a UBEM. These can be grouped 
into fi ve categories: geometric model, building envelope, heat sources, 
thermal system, and climatic data (see Figure %).

Unfavourable and complex conditions have been assumed in the 
model defi nition. It means that a model can be developed from open 
data not released by any institution, which are accessible to the entire 
scientifi c community without any kind of restriction. This requires a 
skilled developer that is able to precisely defi ne the unknown infor-
mation by interweaving multiple databases. The formulated reaso-
ning starts from external observation of buildings and consultation 
of their EPCs.

The proposed method is well suited to analyse multi-story buil-
dings, architecturally poorly designed, populated by several units, with 
residential, tertiary-commercial uses, or with the presence of both.

Figure ! – UBEM data categories and sources
Figura ! – Fonti e categorie di dati per i modelli energetici dei parchi edilizi

Geometric model
The geometric-dimensional information concerns the gross areal 

footprint of the buildings, their height, the extension of the openings 
in the façade for di+ erent orientations, and the conditioned fl oor area. 
The areal footprint of the buildings can be generally inferred from 
bi-dimensional records, made available by local authorities (region 
or municipality), or from Geographic Information System database 
(GIS). In the absence of such information, the height can be infer-
red through the imposition of fl oor heights or through proportio-
nal ratios measured from survey photographs, scaled according to 
cornerstones, which can be obtained from municipal and/or regio-
nal maps. The proposed observations are also valid for the determi-
nation of the extension of the openings in the façade.

The determination of the fl oor area usually starts from the defi -
nition of the number of commercial and/or residential units present 
inside the same multi-story building through di+ erent methodo-
logical approaches. The counting of the names on the doorbells 
can be accompanied by the identifi cation, where applicable, of ope-
nings in the façade facing the stairwell. In such a way, the expert can 
reconstruct the internal distribution of the building. By observing the 
openings on the other façades, it is possible to reconstruct the total 
number of building units by fl oor. Usually, in case of buildings poorly 
elaborated architecturally, it would be possible to extend the results 
obtained for similarity. To derive the conditioned net fl oor area of the 
entire building, it is necessary fi rst to subtract the dimension of the 
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unconditioned stairwell, whose order of magnitude is between ! and 
"!% of the total gross fl oor area. Then, corrective factors that take into 
account the walls thickness can be applied, as for instance those pro-
vided by the Italian Technical Specifi cation UNI/TS ""#$$-" (UNI, %$"&b).

Building envelope
The knowledge of the construction year is an useful mean to 

derive the construction typologies adopted in that historical period, 
and hence to determine the thermo-physical properties of the enve-
lope components. Typical building components in Italy and in other 
European countries can be derived from the TABULA project (Typology 
Approach for Building Stock Energy Assessment; Corrado et al., %$"&), or 
from the UNI/TR ""!!% technical report (UNI, %$"&a). The average ther-
mal transmittance of the vertical opaque and glazed components 
can be extracted from the EPC, if available. To derive the characte-
ristics of the window and door, direct observation can be made to 
identify the frame material, the number of glazed components, the 
presence of an air gap, and of shutters.

Heat sources
For the evaluation of thermal loads, a deterministic space-based 

approach is suggested in literature (Happle et al., %$"'). Data rela-
ted to occupant preferences and behaviours in building are usually 
di(  cult to collect, as privacy issues arise. In addition, uncertainties 
increase within a multi-story building whereas several uses are inclu-
ded (e.g. commercial, residential, o(  ce), and di) erent schedule and 
intensity of heat gains are expected. In a UBEM, with good approxi-
mation, a unique profi le valid for the whole use category is usually 
generated. In order to provide more accurate results, observations 
on individual residential and/or commercial units should be done. 
In case of total absence of information, technical standards proving 
hourly schedule of heat gains are EN "*+,'-" (CEN, %$",), ISO "'!%#-" 
(ISO, %$"*) and ISO "'!%#-% (ISO, %$"').

Thermal system
For each building, the power and e(  ciency of the heating system 

generator must be specifi ed. Di(  culties arise when the same buil-
ding is equipped with individual (per-apartment) heat generators. 
In case of no direct access to buildings, the starting point for the cor-
rect defi nition of the energy carrier, the type and size of generators 
is to look at the available EPCs. Through the consultation of these 
documents, by comparing the boiler identifi cation number for the 
various building units, it would be possible to have a defi nitive view 
of the number and type of generators installed. In case of absence 
or incompleteness of the EPCs, it is necessary to derive the total heat 
power through the assessment of the heating design load, applying 
the EN "%'#"-" standard (CEN, %$"+).

Case study
The case study is an urban block located in the municipality of 

Alessandria (,! m a.s.l., %!!, heating degree-days), in North of Italy. The 
analysed area includes "! multi-story buildings, mainly for residential 
use, almost all erected between the ",!$s and ",+$s. The ground fl o-
ors of three buildings (ED_A!, ED_C", ED_C#) present at least one com-
mercial area. The remaining twelve buildings have a fully residential 
use. The construction typology of the buildings is quite homogenous: 

reinforced concrete skeleton with reinforced concrete and hollow 
tiles mixed fl oor, completed with non-load-bearing brick masonry. 
The windows and doors are either single glazed with a wooden or 
metal frame, or double-glazed with wooden frame.

The survey was carried out only outside the buildings, not having 
any authorization to access them internally. The model validation pro-
cess started by collecting the EPCs deposited into the Information 
System for the Energy Performance of Buildings (SIPEE) database of the 
Piedmont region, which can be downloaded and consulted free of 
charge, without any restrictions. This path has been followed for two 
main reasons: the aim to propose a replicable methodology, to be 
adopted in case of the most unfavourable conditions, and the una-
vailability of real energy consumption data. Concerning this case 
study, "'% of EPCs out of an estimated total number of "&% housing 
units were available. The information gap was closed applying the 
typological data of TABULA, UNI/TR ""!!%, and UNI/TS ""#$$-% (UNI, 
%$",). The last reference was used to derive standard mean seasonal 
e(  ciency values of the heating systems.

The building stock model, shown in Figure %, was performed using 
UMI (Urban Modeling Interface; v.$.%."!), a modelling environment deve-
loped by the Sustainable Design Lab of MIT, which aims to evaluate the 
energy-environmental impact of an urban reality. The energy calcu-
lation engine of UMI is EnergyPlus (Reinhart et al., %$"#). The weather 
fi le was created using the typical meteorological year of Alessandria 
supplied by the Italian Thermotechnical Committee. Each building 
was modelled as a single thermal zone. The subdivision of the ther-
mal zones for the energy demand calculation within the simulation 
environment, is based on automatic partitioning, for each fl oor, into 
perimeter regions and core region (Dogan et al., %$"&). For the buil-
dings involved in the analysis, the primary non-renewable energy 
performance for space heating (EPH;nren) was calculated. The heating 
season was fi xed as required by law, i.e. from October "!th to April "!th.

Figure ! – Urban block model of the case study developed using 
the UMI simulation environment
Figura $ –  Modello dell’isolato urbano del caso studio sviluppato nell’ambiente di 
simulazione UMI

Results and discussion
The results are presented both for the entire urban block and by 

di) erent use categories, i.e. residential on the one side, and mixed-
use buildings on the other side. Four out of fi fteen buildings (ED_A&, 
ED_A%, ED_B!, ED_B#) were excluded from the comparison, because 
no EPC has been deposited into the SIPEE database for at least one 
apartment. In Table ", the average non-renewable energy perfor-
mance for space heating calculated in UMI and derived from the 
EPCs are compared.
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Table ! – Comparison between EPH;nren extracted from UMI and 
the EPCs
Tabella ! –  Confronto dell’indice EPH;nren derivante da UMI e dagli APE

Buildings EPH;nren;UMI
[kWh/(m! · year]

EPH;nren;EPC
[kWh/(m! · year]

Percentage deviation
(UMI with respect to EPC)

Urban block "#$.%# "$$.$& '"(.)(%

Only residential use "#).$% "(%.#$ '%.**%

Mixed-use "#(.#+ ")%.+# '##.*#%

For residential buildings, it is shown an underestimation of UMI 
of about !"% compared to the EPCs. The result is reliable despite the 
assumptions made for the creation of the energy model. Compared 
to this fi gure, it is noticeable how the deviation between the two 
values increases considering buildings with mixed-use (#$%% of UMI 
compared to EPC). The coexistence of di& erent uses within the same 
building makes the comparison more burdensome especially, as in 
the analysed case, due to the absence of a complete picture of the 
EPCs referring to housings and commercial uses. On average, the EP 
of the entire block presents deviation of about !'% (underestimation 
of UMI compared to EPC).

In Figure %, the EPH;nren-value is shown for each fully residential 
building, by comparing the results got from UMI (UMI-prefi x) with 
those obtained from EPCs (EPC-prefi x). The results coming from UMI 
are shown split by month. It is noticeable that the hypotheses formu-
lated are adequate for most of the buildings. The highest deviation 
occurs in a couple of cases; one of these (ED_A") is the oldest buil-
ding in the analysed urban stock (construction period !(%").

Figure ! – Non-renewable energy performance for space hea-
ting for the fully residential buildings: comparison between 
UMI and the EPCs
Figura #- Indice di prestazione energetica non rinnovabile per il riscaldamento degli 
edi$ ci ad unico uso residenziale: confronto tra UMI e gli APE

There are some critical issues to address in the comparison of the 
outcomes. First, mixing di& erent use categories leads to unreliable 
results using EPCs, since a complete picture of EPCs for the entire 
building is lacking. Secondly, the comparison between a quasi ste-
ady-state calculation method (used for the issuing of EPCs) and a 
dynamic simulation tool (in UMI) leads to unavoidable deviations. 
Anyway, this comparison can be valuable, by extending the analysis 
at a wide number of building typologies and construction periods, 
as to identify the validity fi eld of the EPCs, i.e. the situations in which 
the EPCs can become useful data sources to feed the UBEMs.

Finally, it should be recognised that in the EPCs, di& erently from a 
UBEM tool, the mutual interrelationships between buildings are exclu-
ded (e.g. mutual shadings). This aspect has not signifi cant e& ects in 
the comparison between methods whereby the building energy 
performance is more sensitive to the heat transfers than to the solar 
gains. This usually happens in uninsulated buildings with low win-
dow-to-wall ratio, as in the analysed case study.

Future research will focus on the assessment of the overall energy 
performance of the building stock, thus including domestic hot water 
and space cooling, as well as the analysis of uncertainties related to 
assumptions introduced in the model. In addition, a calibration of 
the UBEM will be carried out by collecting real energy consumption 
data, when available.

Conclusions
In this article, guidelines have been proposed to close the gaps 

for unknown input data needed to set up a UBEM. The proposed 
methodology has been applied to an existing block, located in 
Northern Italy. Most of information was derived from the availa-
ble EPCs that covered !)% of the housing units. According to the 
degree of uncertainty that the developer is forced to manage, this 
analysis can be considered as a preliminary phase to identify the 
most energy intensive buildings. Public administrations attempting 
to understand the energy status of their building stock can take 
advantage by the proposed method. Once the most energy inten-
sive blocks have been defi ned, energy audit campaigns will have 
to be carried out on individual buildings, as to accurately select the 
best retrofi t actions for the energy upgrading of existing buildings.

EPCs demonstrated to be a key tool to complete the framework 
of input data required to develop a UBEM. Anyway, the enhancement 

of the EPC contents should be boosted, both in the amount and in 
the quality. As for the former, more detailed data on the building 
envelope components and technical building systems should be 
included in the EPC, while as for the latter, an automatic verifi cation 
of the data inserted by the certifi er should be done as to exclude 
rough mistakes. In this direction, the overcoming of privacy issues 
and the implementation of interoperability between data and tools 
should increase the completeness and reliability of UBEMs.

Limited to the building typology analysed, it is possible to observe 
a limited deviation of the estimated EP of the building stock between 
a UBEM tool and the EPCs. The analysis shows that the error on the 
block is su*  ciently contained whereas only residential uses are con-
sidered. The increase of detail in EPC data is especially recommen-
ded for the inclusion of the real energy consumption data, which 
is an essential information to calibrate the UBEM.
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