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1 Introduction
This report summarizes the work carried out, presentations and discussions held during the “VoCamp in energy
measurement data in municipalities”1 which took place at the Austrian Institute of Technology - AIT (Energy
Department) in Vienna, from 22nd to 23rd of April, 2015. This event was organized and supported by the
READY4SmartCities project2, as part of the planned training route3.
A VoCamp is an informal event where participants can spend some dedicated time creating lightweight
vocabularies/ontologies for the Semantic Web/Web of Data. The emphasis of the events is not on creating the
perfect ontology in a particular domain, but on creating vocabularies that are good enough for people to start
using them for publishing data on the Web.
This VoCamp was focused on how municipalities can represent their data about energy measurement in order to
publish it online (e.g., as open data). The interest to this question arises from the expected benefits such as the
ability to easily reuse these data by third parties or to link them to other relevant data for further processing (e.g.,
building information models, climate, occupancy). The VoCamp aimed at obtaining a common ontology that can
be used by municipalities to represent their energy measurement data in order to publish such data online as
Linked Data. In order to obtain such vocabulary the VoCamp was organized in a series of practical session as
shown in Figure 1, where the output from some session represents the input for the following activity. In summary,
starting from several datasets brought by the participants, the ontological requirements were extracted; then, the
vocabularies were modelled according to such requirements; after that, the different models were put in common
in order to agree on one common vocabulary which was translated into nine languages during the last session.

Figure 1. Agenda and expected outcomes of the VoCamp
1

http://smartcity.linkeddata.es/LD4SC/VoCamp/
http://www.ready4smartcities.eu/
3
http://www.ready4smartcities.eu/training
2

Grant Agreement No. 608711

Page 2 of 20

VoCamp report

The event was organized in a sequential number of activities following the basic steps to build a common
multilingual vocabulary for measurement data in municipalities. That is, from requirement extraction to ontology
localization, including ontology modelling and conceptualization. There were 20 attendees coming from the
following institutions and countries as shown in Table 1.
Table 1 Participants list
Nr.

Name

Surname

Organization

Country

1

Marko

Batic

Institute Mihajlo Pupin

Serbia

2

Andrea

Cavallaro

D'Appolonia

Italy

3

João

Encarnação

Energaia - Energy Agency

Portugal

4

Raúl

García-Castro

UPM - Ontology Engineering Group

Spain

5

Asunción

Gómez Pérez

UPM - Ontology Engineering Group

Spain

6

Johannes

Gruber

Ingenieurbüro conGRUent

Austria

7

Dimosthenis

Ioannidis

CERTH/ITI

Greece

8

Florian

Nadler

AIT

Austria

9

Anna

Osello

Politecnico di Torino

Italy

10

Pieter

Pauwels

Ghent University

Belgium

11

Jan

Peters-Anders

AIT

Austria

12

Stenzel

Pit

Fraunhofer IIS/EAS

Germany

13

María

Poveda-Villalón

UPM - Ontology Engineering Group

Spain

14

Filip

Radulovic

UPM - Ontology Engineering Group

Spain

15

Simon

Robinson

empirica

Germany

16

Mari

Sepponen

VTT

Finland

17

Graeme

Stuart

Institute of Energy and Sustainable UK
Development, De Montfort University

18

Nikola

Tomasevic

Institute Mihajlo Pupin

Serbia

19

Mikko

Tuomisto

VTT

Finland

20

Stefan

Vielguth

AIT

Austria

The following sections summarize and describe the sessions on dataset presentation and analysis, ontology
conceptualization, consensus on a common model, use cases analysis and ontology localization. Finally, some
concluding remarks and future steps are shown.
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2 Dataset presentation
Participants to the VoCamp brought and presented the following 6 datasets:

•

Dataset 1: The smartspaces (http://smartspaces.dmu.ac.uk/) dataset contains electricity, gas,
and water consumption measurements about public buildings in Leicester (See Figure 2).

Figure 2 smartspaces dataset screenshot

•

Dataset 2: The energaia observatory (http://observatorio.energaia.pt) provides data
visualizations about consumption, emission and population from the metropolitan area of Porto
(See Figure 3).
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Figure 3 energaia dataset screenshot

•

Dataset 3: Dataset about Sim models and building performance carried out before the building
is built. This data is the basis for simulation before construction and to compare how a building
is performing (after construction) versus how it is supposed to be performing. Figure 4 and Figure
5 show the data presented and a slide from the presentation respectively.
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Figure 4 Pieter Pauwels presenting the SimModel dataset

Figure 5 SimModel for BEP information exchange

Grant Agreement No. 608711

Page 6 of 20

VoCamp report

•

Dataset 4: Dataset about Institute Mihajlo Pupin campus in Belgrade, Serbia. This dataset
contains measurements from energy production, storage and use for electricity and heat in
intervals of 1 minute and 1 second, depending on the measurement. This dataset is used for
energy optimization and energy flow control (See Figure 6).

Figure 6 IMP campus data flow

•

Dataset 5: Dataset about the Distribution of photovoltaic collectors in Vienna gathering
measurements about energy production entities and photovoltaic collectors in a particular
geolocation (See Figure 7).

Figure 7 Distribution of photovoltaic collectors in Vienna
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•

Dataset 6: Dataset about Bristol public data (https://opendata.bristol.gov.uk/category/Energy). The
focus was in the solar panels data about the installed solar photovoltaic capacity in Bristol each month
and in energy consumption (See Figure 8).

Figure 8 Bristol energy consumption in buildings
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3 Dataset analysis
During this session the VoCamp organizers provided some notions about how to analyze the data in order to
extract main terms and relations from the datasets (See Figure 9). We also discussed the need for a common
wording in the measurement datasets, as well as the need for multilingualism since datasets will be also used by
local technicians, e.g., which might need the data in their local language.

Figure 9 Brief introduction to data set analysis
In order to move to the practical exercises, participants were divided into three groups, as shown in Figure 10,
where each group had the following two datasets assigned:
•
•
•

Group 1: dataset 4 (Institute Mihajlo Pupin campus) and dataset 6 (Bristol public data)
Group 2: dataset 2 (energaia) and dataset 5 (photovoltaic collectors)
Group 3: dataset 1 (smartspaces) and dataset 3 (Sim models)
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Figure 10 Discussion groups
The goal of this activity was to become familiar with the datasets and to start eliciting requirements of the
vocabulary that the participants would need to develop.
This grouping was maintained during the dataset analysis and conceptualization activities so that each group
carried out the exercises over the assigned datasets.
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4 Conceptualization
Along this section attendees were provided with some notions and tips about (a) extracting ontology requirements,
(b) addressing the conceptualization and (c) reusing of ontological resources.
First, Asunción Gómez Pérez explained fundamental concepts of semantic vocabulary creation via an example of
the electricity consumption at the Prado museum (See Figure 11).

Figure 11 Example of the Prado museum
Next, the participants were ready to prepare their ontological requirements for their datasets in the form of
Competency Questions. The 18 competency questions shown in Table 2 were developed by the participants.
Then the participants were taught how to use a Seed vocabulary (See Figure 12) in order to extend it to create
the vocabulary to cover the needs of each group, according to the competency questions defined by them. This
vocabulary, formed mainly by reused terms from existing vocabularies, was proposed by organizers in order to
ease the conceptualization activity. The reuse of existing conceptualizations and ontologies is a good practice in
knowledge representation.
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Table 2. Competency Questions list
Competency Question

Group

CQ1

Which building in Bristol consumed the most electricity in October 2014?

1

CQ2

Which is the building with the highest electrical consumption in last year?

1

CQ3

Which building in Bristol used much more electricity than expected in simulation model?

1

CQ4

What is the total area of solar panels that should be installed on all public buildings in Bristol?

1

CQ5

The 10% of buildings that have used more electricity than expected in April 2013?

1

CQ6

What is the consumption/cost (total or average) of a specific client (or clients in a district)?

2

CQ7

What is most productive PV plant in the City

2

CQ8

What is the best district in PV power production?

2

CQ9

What was the most energy consuming building in the district

2

CQ10

Which buildings are producing more than spending in the district?

2

CQ11

How does the promotion program for PV plants work out?

2

CQ12

What is the half hourly consumption from building x between date1 and date2 (is it to be cleaned?
is it to be interpolated? using what method?)
3

CQ13

From which sources does the building produce/consume its energy and how much?

CQ14

How much energy WILL BE consumed/produced next week at building X - based on historic
data/simulation
3

CQ15

Which consumption profiles are off/on the expected observation values

3

CQ16

How is my building doing? - compared to ...

3

CQ17

In my set of buildings (e.g. in Vienna) which ones should I look at?

3

CQ18

How much money has been saved due to my energy efficiency investment?

3

3

Figure 12 Filip Radulovic presenting the Seed vocabulary
The afternoon was filled with creating a vocabulary for the datasets that the participants brought with them. They
had a look at the meaning of their attributes and the interrelationships of their entities. It became obvious that this
Grant Agreement No. 608711
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exercise was made more complicated by the domains that were involved in the production and use of the data
(and it would have been easier to analyse the data and to produce a vocabulary without knowing the purpose of
the data).
Finally, each group developed a starting model to describe the data contained in the assigned data sets (See
Figure 13, Figure 14 and Figure 15).

Figure 13 Partial models from group 1

Figure 14 Partial models from group 2
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Figure 15 Partial models from group 3
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5 Reaching consensus
In the morning of the second day, Raúl García-Castro started developing a more in depth vocabulary with the
help of the participants’ work of day 1 and through questions to the auditorium. The aim of this session was to
generate a common vocabulary to describe the data assigned to every group (See Figure 13, Figure 14 and
Figure 15).

Figure 16 Raúl García-Castro developing a common vocabulary with the participants
He also discussed the Semantic Sensor Network Ontology4 (ssn), which describes sensors, observations, and
related concepts (See Figure 16 and Figure 17), that appear in the datasets analyzed by participants in previous
sessions.

4

http://www.w3.org/2005/Incubator/ssn/ssnx/ssn
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Figure 17 Description of the common vocabulary
As output of this session a common model were proposed listing in a spreadsheet the concepts and needed
relationships between them. This terminology represented the basis for the ontology implementation and the
ontology localization activities(See Section 7).
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6 Use case analysis
During the use cases session the focus was in the uses cases related to the datasets that participants had
presented. However, other uses cases arose. As a summary the following use cases were mentioned:
•
•
•
•
•
•
•
•
•

Energy data publication and visualization
Trust of data and benefits from provenance information
Building performance simulation
Performance comparison between buildings
Performance optimization
Real time energy monitoring
Energy flow control
Assessment of energy saving/performance innovation and proof of the energy saving
Energy contracting process

Some scenarios were also drawn where several use cases could take place sequentially. These scenarios are:
•
•

Energy consumption monitoring à data publishing à performance calculation or simulation à
performance comparison à performance optimization
Building (or other city energy consumption system as street lighting, water, gas, etc.) model à
simulation à performance estimation à performance optimization
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7 Ontology localization
The ontology localization activity refers to the adaptation of an ontology to a particular language and culture.
During the localization session main concepts, terms and properties appearing in the model were translated from
English into nine different languages, namely: German (@de), Greek (@el), Spanish (@es), Finnish (@fi), French
(@fr), Italian (@it), Portuguese (@pt), Dutch (@nl), and Serbian (@sr). These languages represent all the native
and secondary languages spoken by attendees. Figure 18 presents an excerpt of the table used to collect labels
in the different languages.

Figure 18 Excerpt of the ontology terms in 10 different languages
During the VoCamp only the labels or tags were attached to the identified terms of the ontology, that is, no
descriptions in natural language were assigned. Therefore, the localization activity covered the labels identified
during the conceptualization activity. As future work it would be advisable doing the same for the natural language
description defining the meaning of such terms.
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8 Conclusions and further steps
The main product obtained from this VoCamp
http://smartcity.linkeddata.es/LD4SC/def/ontology#.

is

the

multilingual

ontology

available

at

Finally, after a round of feedback from the attendees the following open issues and suggestion for further events
were proposed:
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

Further development of use cases and scenarios
Focus on cities in a broader view:
o having a deeper look at the energy demand
o not focusing on buildings only
o district level
o traffic data
o territorial aspects
Need to add saving results
Need for modelling experimentation
Need for modelling series of observations
Simulations requires a complete different set of data
More definition of terms, what does every concept means and how to use it
Another VoCamp including city partners
Define specific use cases, extend the use cases with other concepts defined by the industry as flexibility,
aggregators, etc.
Interest in public building comparison
Combine observation with simulation data for the planning
Start from the model already created and use it to transform data, get linked data from the process
Mapping among ontologies
Develop applications from the actual data and the ontology
Focus more in the ontology reuse activity, look for existing ontologies, see what could be reused, what is
needed, etc.
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Figure 19 UPM VoCamp team
(From left to right: Filip Radulovic, María Poveda-Villalón, Asunción Gómez-Pérez, Raúl García-Castro)
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