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Context: new opportunities offered by EPCs TIMEPAC-2022

International Workshop

 EPC databases have become one of the main sources of -
information about building energy-related information and de
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.
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Exploitation of large EPCs datasets TIMEPAC-2022

International Workshop

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

Number of occurrences
ra ‘

a) by application domains I I

b) by EPC data features . .

Types of data analysis questions
Desc ve
. T 3

Caus.
0 s — B Mechanistic

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 TIMEPAC-2022

International Workshop

Hierarchical

UnsuperViSEd approaCh Clustering Partitional

Density-based

v Explore and characterise to

? .ll discover hidden knowledge Decision trees
Neural network
Which is the role of
tecniques :

Bayesian

--------------------------------- > Classification

Data Analytics? . e s
¥ v Regression and classification
to perform prediction analysis o
i Non-linear
v' Define objectives osistic
/ ] I' v' Feature engineering Transform extracted knowledge into

actionable strategies
v" Model selection

Which is the role of % ; oK ;i? = @

the domain expert? v" Interpretation
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Practical data analytics applications using TIMEPAC-2022

large EPCS datas ets International Workshop

Some relevant tasks User needs to be satisfied

* Characterization of the energy Comparison of a building's energy performance calculation with
performance of building stocks according reference trends for control and validation purposes. The same can

to different features be done for the input.

. ege  as
Identification of reference. energy Evaluate, in a systematic way, the divergence between the energy
performance benchmarks in large performance of a building and reference targets

building stocks

« Rapid assessment of the building energy Easily scalable estimation of building energy performance exploiting
performance exploiting few variables few input variables also for applications in large building stocks
through a data driven approach

. Rapid assessment of energy saving Estimate the impact on building energy performance considering to
achievable through energy refurbishment zgs:agreiosvalues of variables while simulating a refurbishment

measures
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Verification of inputs and outputs of a EPC

International Workshop

Average thermal transmittance opaque

Regions and Autonomous Provinces shall annually transmit Control sub-system efficiency envelope
results about verifications carried out on randomly selected

EPCs issued on previous year. 61
- Type A: includes documentary verification of EPCs and &

verification of compliance with the procedures outlined in
the National Guidelines

APE

Density

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

0 10 20

0.0 05 1.0 1.5 Uop [W/ (m2K)]

- Type Cincludes the inspection of the building. : ] o : . .

2.0 —

0.9 6

The 2% of the uploaded EPCs should be verified

80

Value

300 0.8

200

The verification can be made automatic, enhanced and % . S |
supported by the analysis of large and verified EPCs os ‘
databases
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Building stock characterization exploiting TIMEPAC-2022

large datasets Of EPCs International Workshop

......

* 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

* |n 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 ClL

Knowledge through Dynamic High-Resolution Geospatial Maps, Electronics 2020
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Identification of reference energy TIMEPAC-2022

perfO rmance benChm arks International Workshop

* From the EPCs dataset, building features influencing the An example on 100k EPCs issued in Piedmont region
energy performance the most can be selected as inputs to
clustering processes.
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Identification of reference energy TIMEPAC-2022

performance benchmarks International Workshop

output distribution in cluster 7

: :
: . . T This calcul |
According to the membership to a specific cluster the distributions 0015 'ﬁ\ i for's tﬁzcuvaatri:blga ‘ﬁ
] [}
of some output variables (Ep_(H,nd), Q_(H,nd), Ep_gl...) can be : i interest in a new EPC is
: 5o ] inf
extracted and used to define energy performance benchmark §°" i : . 'h”ig":q‘m:n i:‘)‘:np;’fg
values. £ i i ) to the distribution of
0.005 G ! the reference cluster.
i :
1 | —
0.000 : :
Input from EPC 1 (L R O_E_ ———— BJ:' ________
] [}
--------------------------------- A I |
Ugppt |Ups IS | . _ | 5% ; .
Al || Ham | ezl | . Exploiting the same input | - i : Almost 100% of the
. variables used in clustering, 5 sou i E reference  sample
I . . 1 o 1 |
. the building referred to a new ! o : i IEES €] [ENE VELG
1 | o 1
. EPC classified into the closest 2o E E
! cluster : ; ) 2
1 1 0% : : s
: ! i i ®
| k, K : 2 1 I
0 ) 50 ' 100 150 200
kWh
EPH. ng {m2 year}

TI M E PA(‘:/ Exploiting energy performance certificates through Artificial Intelligence for supporting the energy decision making process in buildings || Alfonso Capozzoli




Identification of reference energy TIMEPAC-2022

performance benchmarks International Workshop

output distribution in cluster 5
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Identification of reference energy TIMEPAC-2022

performance benchmarks International Workshop

output distribution in cluster 7
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Estimation of building energy performance TIMEPAC-2022

thr()ugh data driven mo dels International Workshop

Large EPCs datasets can be exploited to Feature importance for selecting the estimation model inputs
develop estimation tools of the energy |
demand of buildings that can also be used for e
estimating retrofit scenarios. U value of the opaque envelope _
R Heating system global efficiency ‘
z Control subsystem efficiency ‘
Emission subsystem efficiency —
o 008 :
> 10 Uvalue of the transparent envelope }
;{ ol Dz Window to wall ratio ‘
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Estimation of building energy performance

TIMEPAC-2022

International Workshop

through data driven models

Different approaches to develop an estimation model

Bayesian Additive Regression Tree
[ wee-mmn we-aanii oot |
Identification of inputs and WS
outputs A gl
\l/ Regression HT
Regression algorithms ] The regression model processes the £
) . . ” . . input data and returns as output a
I KNN ! CART {i RF !I BART !i ANN | . . . .
' ; : : ; J numerical estimation of i
- Predicted Eppyen, 1 {%}
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= o
oo . 1 1
Classification algorithms The classification model processes the | |
Pre-processed . e I I
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Assessment of energy saving achievable TIMEPAC-2022

through energy refurbishment measures International Workshop

- i i |
Pre-retrofit scenario Estimated value of the |

|
|

e |
| output (e.g., Ephnren) in :
| pre-retrofit conditions |

Uop,i Utr,i Sheat,i NH,i

Estimation
model

Retrofit scenario (change of input variable values ) ‘N

Uop,new u trnew Sheat,i ﬂH,i

I :
| Estimated value of the |
oo manm Assuming a building envelope | output (e.g.., EpH:n.ren) ini
improvement, the U-values for | post-retrofit conditions
opague and transparent envelope S |

U .
wnew, are updated
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Explaination of data-driven model TIMEPAC-2022

predictions trough XAI International Workshop

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 (XAl) 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).

XAl Breakdown analysis of a single prediction

Calculate  the variable
V1 and V2 contribute to decrease the contribution in predicting
value of the prediction. the output. This is done

V3 contributes to increase the value of the starting with the average
prediction and has the largest impact expected response of the

model (intercept), and

then adding variables by
‘ calculating their respective
contribution to determine

0.964 a specific prediction.

Intercept
Variable 1 = x4 ;

Variable 2 = x; ;

Variable 3 = x3

Prediction
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Explaination of data-driven model

predictions trough XAI

TIMEPAC-2022

International Workshop

Contribution of each input variable on the estimation of Epy ey in pre-retrofit condition

Pre Retrofit

Contribution of each input variable on the estimation of Epy ¢, in post-retrofit condition

Post Retrofit

Post Retrofit Pre Retrofit

Intercept Intercept 1578
Aspect ratio = 0.93 Aspect ratio = 0.93 468
Eta,h = 0.45 Eta,h = 0.45 462
Control sub. efficiency = 0.94 Control sub. efficiency = 0.94 518
Emission sub. efficiency = 0.93 Emission sub. efficiency = 0.93 75
Average height = 3.8 Average height = 3.8 31
Window to wall ratio = 0.08 Window to wall ratio = 0.08 +22
Degrre Days = 2614 Degrre Days = 2614 84
Heat transfer surface = 473 Heat transfer surface = 473 +385
Generation sub. efficiency = 0.88 Generation sub. efficiency = 0.88 a7
Distribustion sub. efficiency = 0.93 Distribustion sub. efficiency = 0.93 Impact of the new values of =
Fuel type for heating = Natural Gas Fuel type for heating = Natural Gas thermal trasmittances on the +13.4

U-value opaque envelope = 1.197

U-value transparent envelop = 5.3

Heated surface = 132
Construction year = 1975

Heated gross volume = 508

Estimated value of the

output (e.8., EPH nren) in

pre-retrofit conditions

TIMEPAXZ

Heated surface = 132

Construction year = 1975

estimated value -
+4
Heated gross volume = 508 E

U-value opaque envelope = 0.8

U-value transparent envelope = 1.2

prediction

Estimated value of the |

output (e.8., EPH nren) in F
post-retrofit conditions |
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Conclusions and final reasoning TIMEPAC-2022

International Workshop

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.

* ldentify robust benchmarks in large building portfolios and identify the optimal cost-
effective energy saving opportunities.
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What’s next TIMEPAC-2022

International Workshop

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.

A

Final energy

kWh/m?
[kWh/m?] A V

The systematic integration of operational data
is the key to enhance the consistency of energy

performance certificates then increasing their
Actal || Theoretical | Anticpated usability for a wider set of applications.

“In theory, there is no difference between theory
_ _ and practice....but, in practice, there is”
M Theoretical consumption

M Actual consumption

Before retrofit After retrofit

(Jan L. A. van de Snepscheut)
Cozza, S., Chambers, J., Deb, C., Scartezzini, J. L., Schliter, 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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If you would like more information,
please contact us at

alfonso.?apozz?ll@pf)lltf).1t N FW BAEDA .
marco.piscitelli@polito.it )
www.baeda.polito.it
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Thanks for your attention!
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