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Buildings use energy considerably and for example the European Union has clear intentions
on improving the building energy efficiency, and existing building stock is important to be
considered when building energy efficiency is discussed.

This work focuses on identifying possible anomalies (i.e. rooms that behave different to other
rooms in the building) by using room temperature data time series. The room temperature
data is combined with weather data obtained from FMI. The aim of the work is to preliminary
examine the possibility to use the data for anomaly detection. Three different Case buildings
are studied.

Three different unsupervised methods are tested. The first two are one based on variable
distributions and a second one called one class support vector machine (OCSVM), which is a
machine-learning method intended especially for anomaly detection. Both of these methods
target point anomalies. The third method, k-means clustering, is treating the time series as a
whole and categorised the rooms based on the complete series.

With all three tested methods it was possible to identify rooms or clusters of rooms which
could be labeled as anomalies. The more detailed analysis and verifying the accuracy of the
methods is left for future work, as the target of this project was to preliminarily assess the pos-
sibilities provided by the data. When the first two methods are compared, the simple variable
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distribution based method seemed more promising. Especially, as the OCSVM was compu-
tationally rather expensive in comparison. K-means clustering seemed quite promising, as
with it several differently behaving clusters could be identified.
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Rakennukset kuluttavat energiaa merkittäviä määriä ja esimerkiksi Euroopan Unionilla on
kunnianhimoisia tavoitetteita koskien rakennusten energiatehokkuutta. EU:n suunnitelmissa
olemassa oleva rakennuskanta onmyös erittäin tärkeässä roolissa tavoitteiden saavuttamiseksi.

Tässä tutkielmassa selvitetään sopiiko huonekohtainen lämpötilanmittausdata aikasarjoina
poikkeavien huoneiden tunnistamiseen. Mittausdata huonelämpötiloista yhdistetään Ilmatie-
teenlaitoksen säädataan. Työn tavoitteena on alustavasti selvittää kyseisenkaltaisen datan
sopivuutta poikkeamien tunnistamiseen. Työssä tutkitaan kolmea eri rakennusta esimerkkeinä.

Työssä kokeillaan kolmea valvomatonta menetelmää poikkeavien huoneiden tunnistamiseen.
Kaksi ensimmäistä ovat muuttujien jakaumaan perustava tyhmä luokkittelija ja one-class
support vector machine (OCSVM) -niminen koneoppimismenetelmä, joka nimenomaisesti
on alunperin suunniteltu tunnistamaan poikkeamia datasta. Molemmat näistä menetelmistä
soveltuvat pistemäisten poikkeamien tunnistamiseen. Kolmas tutkittu mentelmä oli k-means
-klusteroija, joka, tässä työssä, käsittelee aikasarjoja kokonaisena lajitellen ne.
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Kaikilla kolmella testatullamenetelmällä oli mahdollista tunnistaa poikkeavia huoneita. Kos-
ka tämä tutkimus oli alustava jamenetelmät valvomattomia, tarkempi analyysi jamenetelmien
tulosten varmistaminen jää seuraaviin tutkimushankkeisiin. Kun kahta ensimmäistä menetel-
mää vertaillaan, jakaumiin perustuvamentelmä oli parempi, varsinkin kunOCSVMoli lasken-
nallisesti huomattavasti raskaampi. K-means -klusteroija vaikutti erittäin lupaavalta ja sen
avulla pystyi tunnistamaan kokonaisia huoneryhmiä, jotka poikkesivat rakennuksen keskiar-
vosta.
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NOMENCLATURE

Latin alphabet
� solar radiation
cp specif heat capacity in constant pressure [J/kgK]
N number of sensors
qm mass flow [kg/s]
T temperature [K],[�C]
COP coefficient of performance
Greek alphabet
� change [-]
� exponential distribution parameter
� expected value
� heat [J]
� standard deviation
Abbreviations
AAHP air to air heat pump
AWHP air to water heat pump
COP coefficient of performance
DF data frame
DHW domestic hot water
DSR demand side response
EV electric vehicle
ExHP exhaust air heat pump
FMI Finnish Meteorological Institute
GSHP ground source heat pump
HFO heavy fuel oil
HVAC heating, ventilation and air conditioning
KNN k-nearest neighbours
LFO light fuel oil
LTSM long short-term memory
ML machine learning
OCSVM one-class support vector machine
PCA principal component analysis
SVM support vector machine
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1 INTRODUCTION

Buildings consume energy considerably. Globally, buildings and construction sector are re-
sponsible for 36% of energy end-use and 39% of energy and process related CO2 emissions
(IEA 2019). The European Union takes climate change, and combating it seriously and wants
to set an example for the rest of the world. To help in this, it launched the Green Deal initia-
tive, where the target is to reduce the emissions within the EU by 55% by 2030 (compared to
1990) (European Commission 2021b). The target is also know as ”Fit for 55”. However, the
EU believes that combating the climate change can also seen as an opportunity (European
Commission 2021a); ”What is good for the planet, is good for people and the economy”,
and to help with this transition, the EU is planning to launch the Green Taxonomy to help
facilitate sustainable investment (European Commission 2020b)

In the EU, buildings account for 40% of the energy consumption and 36% of the CO2 emis-
sions (European Commission 2020a). 80% of the household energy end-use within the EU
goes to heating, cooling and domestic hot water, and it has been estimated that two thirds of
the heating energy comes from fossil sources, and according to present standards, 75% of the
EU building stock is inefficient (European Commission 2021d). It has been estimated that
energy consumption could be reduced by 3-6% and CO2 emissions by 3% by renovating 3%
of the existing building stock (European Commission 2020a). However, the EU deems that
the current renovation rate is low and needs to be enhanced (European Commission 2021d).
To help with this, the EU has proposed that the member states renovate 3% of their public
buildings. Additionally, the EU is planning to commit over 7 years around 70 billion e to
renovate buildings.

Current plans by the EU (European Commission 2021c; European Commission 2021d) in-
clude, amongst others,:

• To be classified as sustainable under the EUTaxonomyClimate Delegated Act, a build-
ing renovation must:

– result in 30% energy savings

– comply with minimum energy performance requirements for major renovations

– be according to specific individual measures, such as installation of control and
measuring devices for the building energy performance

• Life-cycle emissions should be accounted for
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W � �( X ) � b= 0 ����������
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���� �,�W �L�V �D�V�V�X�P�H�G �W�K�D�W �D�O�O �W�K�H �G�D�W�D �S�R�L�Q�W�V �X�V�H�G �L�Q �W�K�H �W�U�D�L�Q�L�Q�J �E�H�O�R�Q�J �W�K�H �Q�R�U�P�D�O �F�O�D�V�V�� �D�Q�G
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maxf b� W � �( X ); 0g ����������
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1
2

kWk2 ����������

���� �1�R�Z�� �W�K�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �L�V��

�P�L�Q�L�P�L�V�HJ =
1
2

kWk2 +
C
N

NX

n=1

maxf b� W � �( X ); 0g � b ����������
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