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Context: new opportunities offered by EPCs

• EPC databases have become one of the main sources of
information about building energy-related information and
demonstrated to have wider applications than initially
intended by the EPC policy instrument.

• Current development of building energy certification is
supported by digitalization (open data) and this opens up
new opportunities for urban and building energy studies
using data science and analytics
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Source: Pasichnyi, O., Wallin, J., Levihn, F., Shahrokni, H., & Kordas, O. (2019). 

Energy performance certificates—New opportunities for data-enabled urban energy

policy instruments?. Energy Policy, 127, 486-499.

Great opportunity for
the analysis but also a
source of complexity to
be handled

VARIETY

More and more open 
large EPCs databases are 

becoming worldwide 
available

About 5.000.000 EPCs 
distributed over the 

period 2015-2022 in Italy

VOLUME

More than 100 
variables can be 
extracted from 

each .xml
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Exploitation of large EPCs datasets 

Different fields of application for EPCs (depending on variety and quality of databases)

• Mapping building energy performance

• Building energy retrofitting scenarios

• Effect of EPCs on decision-making in real estate market

• EPC data validation & quality assessment

• Performance gap assessment

• Predicting future energy & CO2 emissions

• Energy planning

• Investment analysis

• Occupant behaviour influence on building energy performance

• Improvements of EPCs

• Framing incentives for energy efficiency

• Market popularity of retrofitting solutions
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Source: Pasichnyi, O., Wallin, J., Levihn, F., Shahrokni, H., & Kordas, O. (2019). Energy 

performance certificates—New opportunities for data-enabled urban energy policy 

instruments?. Energy Policy, 127, 486-499.
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Data analytics approaches
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Which is the role of 
Data Analytics?

Which is the role of 
the domain expert?

✓ Explore and characterise to
discover hidden knowledge

✓ Regression and classification
to perform prediction analysis

Unsupervised approach

Supervised approach

✓ Define objectives

✓ Feature engineering

✓ Model selection

✓ Interpretation

Transform extracted knowledge into
actionable strategies
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Practical data analytics applications using 
large EPCs datasets
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Some relevant tasks User needs to be satisfied

Easily scalable estimation of building energy performance exploiting
few input variables also for applications in large building stocks

Comparison of a building's energy performance calculation with
reference trends for control and validation purposes. The same can
be done for the input.

Estimate the impact on building energy performance considering to
change values of variables while simulating a refurbishment
scenarios

• Rapid assessment of the building energy
performance exploiting few variables
through a data driven approach

• Characterization of the energy
performance of building stocks according
to different features

• Rapid assessment of energy saving
achievable through energy refurbishment
measures

• Identification of reference energy
performance benchmarks in large
building stocks

Evaluate, in a systematic way, the divergence between the energy
performance of a building and reference targets
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Verification of inputs and outputs of a EPC

Regions and Autonomous Provinces shall annually transmit
results about verifications carried out on randomly selected
EPCs issued on previous year.

- Type A: includes documentary verification of EPCs and
verification of compliance with the procedures outlined in
the National Guidelines

- Type B includes assessment of the consistency of the
calculation procedure and the results obtained

- Type C includes the inspection of the building.

The 2% of the uploaded EPCs should be verified
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The verification can be made automatic, enhanced and 
supported by the analysis of large and verified EPCs

databases

Control sub-system efficiency

D
e

n
si

ty

Average thermal transmittance opaque
envelope
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Building stock characterization exploiting 
large datasets of EPCs

• Open EPCs datasets can concretely and easily help
domain experts have a global view of energy
efficiency.

• The development of EPCs-enhanced maps could
easily highlight the city’s neighborhoods that
should need improvements

• In this context, data-driven models combined with
dynamic geospatial maps are useful for quickly
supporting the decision-making process of
authority planners.
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Source: Cerquitelli, Capozzoli et al. , A Data-Driven Energy Platform: From Energy Performance Certificates to Human-Readable 

Knowledge through Dynamic High-Resolution Geospatial Maps, Electronics 2020
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Identification of reference energy 
performance benchmarks
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1. 𝑼𝒐𝒑

2. 𝑼𝒕𝒓

3. 𝑺𝒉𝒆𝒂𝒕
4. 𝑺𝒅𝒊𝒔𝒑
5. 𝑽𝒉𝒆𝒂𝒕
6. 𝑺/𝑽
7. 𝑾𝒓𝒂𝒕𝒊𝒐

8. 𝜼𝑯

Input

Standardization

Clustering

• From the EPCs dataset, building features influencing the
energy performance the most can be selected as inputs to
clustering processes.

• The analysis returns groups of buildings with similar
features from which identify reference values of building
energy performance

An example on 100k EPCs issued in Piedmont region 
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Identification of reference energy 
performance benchmarks 
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According to the membership to a specific cluster the distributions
of some output variables (𝑬𝒑_(𝑯,𝒏𝒅), 𝑸_(𝑯,𝒏𝒅), 𝑬𝒑_𝒈𝒍...) can be
extracted and used to define energy performance benchmark
values.

𝜼𝑯,𝟏𝑼𝒐𝒑,𝟏 𝑼𝒕𝒓,𝟏 𝑺𝒉𝒆𝒂𝒕,𝟏 …

Input from EPC 1

This calculated value
for the variable of
interest in a new EPC is
infrequent and very
high when compared
to the distribution of
the reference cluster.

𝜼𝑯,𝟐𝑼𝒐𝒑,𝟐 𝑼𝒕𝒓,𝟐 𝑺𝒉𝒆𝒂𝒕,𝟐 …

Input from EPC 2

𝜼𝑯,𝟑𝑼𝒐𝒑,𝟑 𝑼𝒕𝒓,𝟑 𝑺𝒉𝒆𝒂𝒕,𝟑 …

Input from EPC 3

Almost 100% of the
reference sample
has a lower value
than that
calculated

output distribution in cluster 7

Exploiting the same input 
variables used in clustering, 

the building referred to a new 
EPC classified into the closest 

cluster
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Identification of reference energy 
performance benchmarks
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𝜼𝑯,𝟏𝑼𝒐𝒑,𝟏 𝑼𝒕𝒓,𝟏 𝑺𝒉𝒆𝒂𝒕,𝟏 …

Input from EPC 1

𝜼𝑯,𝟐𝑼𝒐𝒑,𝟐 𝑼𝒕𝒓,𝟐 𝑺𝒉𝒆𝒂𝒕,𝟐 …

Input from EPC 2

𝜼𝑯,𝟑𝑼𝒐𝒑,𝟑 𝑼𝒕𝒓,𝟑 𝑺𝒉𝒆𝒂𝒕,𝟑 …

Input from EPC 3

This calculated value
for the variable of
interest in a new EPC is
frequent compared to
the distribution of the
reference cluster.

60% of the
reference sample
has a lower value
than that
calculated

output distribution in cluster 5

Exploiting the same input 
variables used in clustering, 

the building referred to a new 
EPC classified into the closest 

cluster

According to the membership to a specific cluster the distributions
of some output variables (𝑬𝒑_(𝑯,𝒏𝒅), 𝑸_(𝑯,𝒏𝒅), 𝑬𝒑_𝒈𝒍...) can be
extracted and used to define energy performance benchmark
values.
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Identification of reference energy 
performance benchmarks
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𝜼𝑯,𝟏𝑼𝒐𝒑,𝟏 𝑼𝒕𝒓,𝟏 𝑺𝒉𝒆𝒂𝒕,𝟏 …

Input from EPC 1

Exploiting the same input 
variables used in clustering, 
the building referred to the 
new EPC classified into the 

closest cluster𝜼𝑯,𝟐𝑼𝒐𝒑,𝟐 𝑼𝒕𝒓,𝟐 𝑺𝒉𝒆𝒂𝒕,𝟐 …

Input from EPC 2

𝜼𝑯,𝟑𝑼𝒐𝒑,𝟑 𝑼𝒕𝒓,𝟑 𝑺𝒉𝒆𝒂𝒕,𝟑 …

Input from EPC 3

This calculated value
for the variable of
interest in a new EPC is
low when compared to
the distribution of the
reference cluster.

10% of the
reference sample
has a lower value
than that
calculated

output distribution in cluster 7

According to the membership to a specific cluster the distributions
of some output variables (𝑬𝒑_(𝑯,𝒏𝒅), 𝑸_(𝑯,𝒏𝒅), 𝑬𝒑_𝒈𝒍...) can be
extracted and used to define energy performance benchmark
values.
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Estimation of building energy performance 
through  data driven models
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Large EPCs datasets can be exploited to
develop estimation tools of the energy
demand of buildings that can also be used for
estimating retrofit scenarios.

Feature importance for selecting the estimation model inputs

Aspect ratio

U value of the opaque envelope

Heating system global efficiency

Control subsystem efficiency

Emission subsystem efficiency

Uvalue of the transparent envelope

Window to wall ratio

Average height

Heat transfer surface

Distribution subsystem efficiency

Generation subsystem efficiency

Fuel type for heating

Heated surface

Construction year

Heated gross volume
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Different approaches to develop an estimation model

Pre-processed
EPC dataset

Classification algorithms

KNN CART RF EXRF ANN

Regression algorithms

KNN CART RF BART ANN

Identification of inputs and 
outputs

Identification of inputs and 
outputs

The regression model processes the
input data and returns as output a
numerical estimation

The classification model processes the
input data and returns as output a class
e.g., energy performance interval.

Estimation of building energy performance 
through  data driven models
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Assessment of energy saving achievable 
through energy refurbishment measures
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Assuming a building envelope
improvement, the U-values for
opaque and transparent envelope
are updated

Estimated value of the
output (e.g., 𝑬𝒑𝑯,𝒏𝒓𝒆𝒏) in
pre-retrofit conditions

𝑈𝑜𝑝,𝑛𝑒𝑤,𝑖

𝑈𝑤,𝑛𝑒𝑤,𝑖

𝜼𝑯,𝒊𝑼𝒐𝒑,𝒊 𝑼𝒕𝒓,𝒊 𝑺𝒉𝒆𝒂𝒕,𝒊 …

Pre-retrofit scenario

𝜼𝑯,𝒊𝑼𝒐𝒑,𝒏𝒆𝒘 𝑼𝒕𝒓,𝒏𝒆𝒘 𝑺𝒉𝒆𝒂𝒕,𝒊 …

Retrofit scenario (change of input variable values )

Estimation
model

Estimated value of the
output (e.g., 𝑬𝒑𝑯,𝒏𝒓𝒆𝒏) in
post-retrofit conditions
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Explaination of data-driven model 
predictions trough XAI
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Understanding “why” a certain prediction is provided by a data-driven model is becoming more and more an essential
feature of predictive analytics. eXplainable Artificial Intelligence (XAI) can explain the decisions of a model in intelligible
terms to humans (i.e., Explainability) and identify the set of characteristics that mostly contribute to making a decision (i.e.,
Interpretability).

XAI Breakdown analysis of a single prediction

Intercept

Variable 1 = 𝒙𝟏,𝒊

Variable 2 = 𝒙𝟐,𝒋

Variable 3 = 𝒙𝟑,𝒌

Prediction

Calculate the variable
contribution in predicting
the output. This is done
starting with the average
expected response of the
model (intercept), and
then adding variables by
calculating their respective
contribution to determine
a specific prediction.

V1 and V2 contribute to decrease the 
value of the prediction.

V3 contributes to increase the value of the 
prediction and has the largest impact
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Combustibile Riscaldamento Combustibile Riscaldamento

Contributo delle trasmittanze nella stima dell’𝐸𝑝𝐻,𝑛𝑟𝑒𝑛 pre-retrofit

Intercept

Aspect ratio = 0.93

Eta,h = 0.45

Control sub. efficiency = 0.94

Emission sub. efficiency = 0.93

Average height = 3.8

Window to wall ratio = 0.08

Degrre Days = 2614

Heat transfer surface = 473

Generation sub. efficiency = 0.88

Distribustion sub. efficiency = 0.93

Fuel type for heating = Natural Gas

Heated surface = 132

Construction year = 1975

Heated gross volume = 508

U-value opaque envelope = 1.197

U-value transparent envelop = 5.3

prediction

Intercept

Aspect ratio = 0.93

Eta,h = 0.45

Control sub. efficiency = 0.94

Emission sub. efficiency = 0.93

Average height = 3.8

Window to wall ratio = 0.08

Degrre Days = 2614

Heat transfer surface = 473

Generation sub. efficiency = 0.88

Distribustion sub. efficiency = 0.93

Fuel type for heating = Natural Gas

Heated surface = 132

Construction year = 1975

Heated gross volume = 508

U-value opaque envelope = 0.8

U-value transparent envelope = 1.2

prediction

Contribution of each input variable on the estimation of 𝐸𝑝𝐻,𝑛𝑟𝑒𝑛 in pre-retrofit condition Contribution of each input variable on the estimation of 𝐸𝑝𝐻,𝑛𝑟𝑒𝑛 in post-retrofit condition

Estimated value of the

output (e.g., 𝑬𝒑𝑯,𝒏𝒓𝒆𝒏) in

post−retrofit conditions

Estimated value of the

output (e.g., 𝑬𝒑𝑯,𝒏𝒓𝒆𝒏) in

pre−retrofit conditions

Impact of the new values of 
thermal trasmittances on the 

estimated value

Explaination of data-driven model 
predictions trough XAI
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Conclusions and final reasoning

The analysis of EPCs through data analytics techniques can be effectively employed to:

• Quickly estimate the expected building energy demand and to set credible targets for
improving performance.

• Understand where put effort among large stocks of buildings, and identify the most
convenient retrofitting strategies.

• Drive the planning of future financial investment policies that leverage on specific
building features and help devising more targeted actions to improve energy efficiency
for different segments of buildings.

• Identify robust benchmarks in large building portfolios and identify the optimal cost-
effective energy saving opportunities.

Exploiting energy performance certificates through Artificial Intelligence for supporting the energy decision making process in buildings || Alfonso Capozzoli



19

What’s next
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The performance gap, represents today the main barrier to the fully exploitation of
EPCs as a tool for a data-driven energy decision making process.

“In theory, there is no difference between theory
and practice.…but, in practice, there is”

(Jan L. A. van de Snepscheut)

The systematic integration of operational data
is the key to enhance the consistency of energy
performance certificates then increasing their
usability for a wider set of applications.

Cozza, S., Chambers, J., Deb, C., Scartezzini, J. L., Schlüter, A., & Patel, M. K. (2020). Do energy performance certificates allow

reliable predictions of actual energy consumption and savings? Learning from the Swiss national database. Energy and 
Buildings, 224, 110235.
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please contact us at

Thanks for your attention!
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