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Abstract. Application scenarios for the data generated from the Internet of
Things are on the rise. For example, given the appliances’ energy consumption
data, energy measurement tools now make it possible to save energy whilst efficiently controlling the consumption of different household devices. Yet, when
the precise structured data describing appliance models is missing, it is difficult
for such application scenarios to be realized. The developed OpenFridge ontology defines a basic vocabulary for the domain of measuring a refrigerator’s
energy consumption, showing that the needed ontology schemata are already in
place, but need to be identified and skillfully applied. Further, the ontology has
been populated from the Web using data scraping, and the created dataset semantically describing the specifics of 1032 refrigerator models with 18665
triples, make these valuable assets for the development of further applications.
Keywords: Energy Efficiency, Semantics, Linked Open Data, Digital
Preservation.

1

Introduction

In the European Union, the cost of energy has been rising from one year to the next
[11]. From 2010 to 2011, there was a 6.3% rise in household electricity prices. In the
previous year, the prices had already risen by 5.7% according to the European Union
statistics office. The average price per 100 kWh in the 2nd half of 2011 in Austria was
19.7 Euro [3]. A survey on energy consumption shows that around 73% of the total
annual electricity is used in buildings, equally divided into residential and commercial
ones. The refrigerator and the alarm clock are devices that are active the whole day.
Thus, replacing an old refrigerator with a new one that has less energy consumption,
can lead to an enormous reduction in energy costs [1].
The European Commission has released a delegated regulation with regards
to the energy labeling of household refrigeration appliances. This should help
consumers, for example, to make a decision based on energy saving standards
when replacing an old refrigerator with a new one. The energy efficiency index (EEI)
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categorizes refrigerating appliances from A+++ for very good to G for very bad. The
EEI is defined by this regulation and shows an indication of the annual power consumption of the device relative to reference consumption. It denotes that an A+++
appliance saves a minimum of 78% of energy of the reference appliance [11]. The
complementary standard for energy efficiency is called Energy Star.
Based on the above mentioned motivation, this paper focuses on an ontology that
contains information about the devices, i.e., refrigerators, as well as basic information
about the consumers and their households, and the collection of the data on the specific characteristics of refrigerators.
An ontology is a perfect mechanism to share a common understanding about the
domain of energy consumption of refrigerators. It also enables the reuse of this domain knowledge and can be one of the tools and applications that can be used to support different stakeholders, such as customers, electric power companies, refrigerator
manufacturers, etc. [12].
This paper is structured as follows. In Section 2, we describe the background of the
paper. In Section 3, we discuss construction of the OpenFridge ontology. Section 4
discusses the data scraping for population of this ontology. In Section 5, we present
the results. Finally, Section 6 concludes and summarizes our paper.

2

Background

As the vision of the Internet of Things1 moves towards mainstream reality, several
new challenges need to be addressed for better adaptation and interconnectivity of
such systems. The reality is that data is growing every day. The challenge is dealing
with this so called "Big Data". Nowadays, ontology technologies can solve problems
in many areas. Each domain has its own thesaurus of words. There are many ways to
represent data and semantic technologies can solve the interaction between different
domains.
The first step of representing this reality is the creation of a model. Out of this
model, a data representation can be derived, for example, with the Unified Modeling
Language (UML). UML is not able to represent the semantics of a model. Therefore,
the use of an ontology is adding more value. It is also due to the fact that when using
ontologies, reasoning is made possible. A lack of model elements and inconsistent
classes can be detected during the development of a model when semantic technologies are used. To represent this reality with a model, a Meta Model which gives the
classes and properties of meta information should first be created. Out of this meta
model, a meta model ontology can be mapped to create a basis for the reasoning engine. After the actual model is created this can also be mapped to the domain ontology. These relationships are described in the paper by Saeki and Kaiya [10].
As mentioned in the introduction, energy efficiency is necessary to reduce energy
costs and greenhouse emissions. The first step in reducing energy usage is to gather
information. That means understanding where energy is used. Thereafter, the information is converted and summarized. The information is then set into a context. The
1
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context is the basis for building an ontology of the context and setting up the rules for
the context. An ontology with the sources of energy requirements is then created.
Additionally, this ontology is enhanced with rules to define what is and what is not a
cause. The next step in building an energy management system is to set up a control
ontology with rules that enable the simulation. The simulation then enables the comparison of different ways of using energy to find one that is the most efficient [6].
The integration with a context aware system and a home appliance control system
is an approach which is again based on semantic technologies. An initial, practical
approach is demonstrated in the paper of Rosselló-Busquet and Soler [9]. The system in
this paper is called Home Energy Management System (HEMS). The core idea is that
ontology based rules are available on the web. Therefore, every home system can get
access to the rules using the ontology as a web-service to automate the energy management at home.
The SESAME and SESAME-S projects [4],[12], have (as a core element), home
automation in order to save energy at home and use the semantic smart metering of
energy consumption data at home. Therefore, the home environment is divided into
home automation services and home energy services. The energy service has two
components, the utility energy service and the metering service. A semantic smart
home system for energy efficiency that could be shown with a prototype has been
created [13]. The system has sensors which are actuators connected to a controller.
The controller sends the data with a router to a local PC or via a secured connection to
a remote PC. The whole system is also based on several ontologies like the SESAME
Automation Ontology, the SESAME Meter Data Ontology and the SESAME Pricing
Ontology [14], and has been successfully deployed in two real-life buildings2.
Exactly as in the smart metering of devices, the OpenFridge project 3 is set to
measure the energy consumption of refrigerators [12]. The goal of the Open Fridge
project is to provide a tool to measure energy consumption and to enable the user to
compare the data with other users of the same refrigerator. Here, the ontology could
work as a blueprint for other devices in the home environment, and enable the users to
measure energy consumption of their own appliances and compare their performance
with the similarly used appliances of the exactly the same brand and model. It is
therefore the first step to higher energy awareness in the household, and a prerequisite
to take an energy efficient action e.g. repair or replace a fridge after identifying its
insufficient performance. Consequently, for having a comparison base, the data of the
refrigerator producers must be procured.

3

Selection of Ontologies

This Section describes the requirements for the OpenFridge ontology modelling and
the ontology construction itself.

2

3

Smart Building Ontology SESAME-S:
http://datahub.io/dataset/smartbuilding-sesames
OpenFridge: http://openfridge.net
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Requirements

This section examines the preconditions that are needed for building knowledge in the
domain of household devices, especially for refrigerators, here referred to in their
shortened, informal form as ‘fridges’. The tools and devices for collecting the data on
the energy consumption have specifications that have to be considered. More information about fridges in general is needed. Companies offer measurement tools (hardware and software) for collecting data on devices in the household. The product
“Circle” by the firm Plugwise4 is a measurement hardware tool that is placed between
the power socket and the electrical device. The specifications on the website show
that the measurement accuracy is ± 0.5 W.The Circles can be combined in groups,
such that they are located in different rooms. In combination with the Plugwise software “Source” which monitors the collecting tools, it is possible to visualize the
collected data for a period of time.
Fridges consume electricity the whole day, it is therefore important to have their
specifications in mind. The website of “Kühlschrank Test”5 provides some information on fridges and their manufacturers. Main manufacturers in Germany are Siemens
and Bosch, Liebherr, Electrolux, and Whirlpool. A refrigerator can be generally categorized as standalone or build-in. Specifications of fridges contain this, as well as
additional information such as dimension, capacity, energy efficiency, energy consumption per year, etc.
The assumption for building an ontology is that it is used in a system that uses a
computing layer that accesses the triples stored in an external ontology data storage.
The following competency questions should be answered by questioning the knowledge base defined by the ontology:
• How efficient is my fridge compared with others?
• Do I need a replacement for my old fridge?
• What are comparable refrigerator alternatives for my household size?
• How much energy was wasted by opening the door?
• How long are the intervals for cooling?
The information of the ontology should extend the data which is needed for visualization according to the above list. Information about household, user, and fridge itself
can provide information on a higher, abstract level.
3.2

Ontology Construction

The domain of the ontology is a combination of the devices that consume energy in
the household and the devices that measure the consumed energy. Further, the household and the user of the measuring tools are also included in the domain.
The ontology can be used as a common basis for measuring various services such
as monitoring a fridge’s energy consumption, performance or deterioration. According to the project specifications, an application should use the Open Fridge ontology
in addition to integrating the above mentioned Plugwise technologies. Users of that
4
5

Plugwise: http://www.plugwise.com
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application can insert data about the fridge (type, age, etc.), and about the household
(size, city and country).
After a period of time in which the energy consumption is measured, the user is informed to annotate the measurements. Annotations can contain information about the
cooling level, the temperature, filling level of the fridge, how often the doors are
opened, and actions that cause an increased consumption.
It is common to refine and extend existing ontology sources and adopt it to the
particular domain and task [8]. A web search resulted in an existing ontology
about fridges and freezers 6 . The namespace for another important ontology is
http://purl.oclc.org/NET/ssnx/ssn that describes sensors and observations, and related
concepts. The SSN ontology has been developed by the W3C Semantic Sensor Networks Incubator Group (SSN-XC)7. Further relevant ontologies can be located via
search e.g. on the Linked Open Vocabularies (LOV) portal8, and include e.g. Fridge
and Freezer Vocabulary Language Reference: http://purl.org/opdm/refrigerator#. Our
resulting ontology is also presented on the LOV portal, along with the links to the
vocabularies which were selected for use within it.
The overall ontology has been constructed manually. The important terms for the
Open Fridge ontology were found by going through different papers on measuring
ontologies e.g. by Compton et al. [7]. Some terms came out of different refrigerator
specifications that are online and available on manufacturer websites. The following
terms are the main terms in the domain of measuring: energy sensing device with its
unique identification number, power, sensor output, observation or measuring, observe/measure, start time, and end time. Terms for statistical data about the fridge,
user of the system, and the household are the following: fridge, user, household, address, own fridge, annual energy consumption, energy ratings, etc.
In the Open Fridge ontology some main classes have been derived out of the above
mentioned SSN ontology. The main classes are shown in Figure 1. The class power,
for example, extends the SSN-class MeasurementProperty as an observed property.
The class EnergySensingDevice extends the SSN-class SensingDevice as a special
class observing the power property. The EnergyObservation class represents the central class of the ontology which connects to many other classes. The classes Fridge,
SensorOutput, and SpatioTepoalRegion make the measurement part of the ontology
complete.
The main classes, as provided in Figure 1, for the usage of the system and some
household statistics, are stored in the classes OpenFridgeUser and OpenFridgeHousehold. Both are connected to another important class: PostalAddress. When integrating
the ontologies, many more classes come into the Open Fridge ontology. These classes
are mostly super classes of the self-created energy classes.
Most relations about the measurement and observation domain are already defined
in the SSN ontology. They are denoted in Figure 1 with the namespace “ssn:”, for
example, observedBy, observedProperty, startTime, endTime, and observationResult.
6

7

8

This ontology is located on: http://purl.org/opdm/refrigerator and was developed by a group of authors.
W3C SSN Incubator Group:
http://www.w3.org/2005/Incubator/ssn/wiki/Main_Page
Linked Open Vocabularies (LOV): http://lov.okfn.org/dataset/lov/
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Those relations are attached to the most common classes in the SSN ontology. For
any energy observation the relation towards the observed object is essential which is
displayed in the notation featureOfInterest. The relation hasHousehold combines the
OpenFridgeUser with the OpenFridgeHousehold class. Both have a relationship with
the PostalAddress. Figure 1 also shows the relation from OpenFridgeUser to the
Fridge class.

Fig. 1. Main Classes of the Ontology

The last remaining terms denote the attributes of the different classes. For example,
the energy sensing device must have a unique identification number which is an
attribute of the correspondent class. The fridge ontology provides all important
attributes for describing a fridge, such as annual energy consumption, energy rating,
type of the fridge, name, some descriptions etc. Additional attributes which describe
the two classes OpenFridgeUser and OpenFridgeHousehold are for example the name
of the user, number of persons living in the household, etc.
The previously mentioned properties are refined in this step. Restrictions on the
cardinality, domain, and range of properties are defined. For example, the property
hasHousehold that combines the shown two classes, takes the same classes respectively as domain and as range.

4

Data Scraping

A significant challenge was encountered during the completion of this project regarding the collection of data. Thus, to collect the needed information and define what
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could be useful for the project, in-depth research was conducted and different tools
were utilized. In order to realize the challenges of this procedure, it is recommended
to analyze it step by step.
The implementation of the data collection procedure started by searching for globally recognizable fridge manufacturers. For that purpose, the Federal Trade Commission (FTC) website provided us with valuable information. The FTC is an
independent agency of the United States government with the mission of protecting
consumers as well as eliminating and preventing anti-competitive business practices9.
Among other data, FTC provides a list with fridge manufacturers like General Electric, Liebherr, Electrolux, Thermador, etc. that became the starting point of our
research.
The next step of our procedure was to define an ideal tool for scraping disparate
data from the manufacturers' web pages. The characteristics included the following
categories: developer, editions, number of scraping sessions, number of extracted
records, trial period, charges, use of proxy server, required programming language
and provided tutorials. Our team needed a software tool which would be easy to use
(due to the strict time limit), free of charge, able to provide an unlimited number of
extracted records, as well as a sufficient number of scraping sessions since each manufacturer corresponded to a specific scraping session. After closely observing the
features of several market tools currently available, we have chosen OutWit Hub10 as
the appropriate tool.
The next challenge during the collection of data was to define which specifications
would be useful to extract according to our ontology and whether it would be possible
to extract the same specifications for the refrigerators of different manufacturers.
Since each website provided different information, the decision was to extract the
following group of information: Brand, Model, Total Capacity, Freezer Capacity,
Product Width, Product, Depth, Product Height, Product Weight, Energy Consumption, Energy Efficiency Class, Voltage and Refrigerator Type. In each case, the extraction of all the information was impossible and as a result, some of the models
lacked data. A list of the manufacturers which were scraped with success, as well as
the websites from which the data was scraped, is provided in the Table 1.
As described above, we have extracted data from different websites with very heterogeneous formats. Therefore, the next step in bringing the extracted data into the
ontology was to import them into a tool and restructure them without removing and
losing relevant information. Afterwards, we needed to bring them into an RDF/XML
format that we could open with the Protégé ontology editor. Finally the code had to be
adopted with the right location identifier where the ontologies are stored.

5

Results

The resulting ontology and the datasets have been published online in a
publicly available URI11 and repository12 with a SPARQL endpoint. The namespace
9

10
11
12

Wikipedia: Federal trade commission: http://en.wikipedia.org/w/
index.php?title=Federal_Trade_Commission&oldid=579273373
OutWit: http://www.outwit.com
OpenFridge ontology: http://owlrep.eu01.aws.af.cm/fridge
OpenFridge data repository can be found online e.g. via the website www.openfridge.net
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http://www.openfridge.net/2
2013/11/data# has been adapted to the datasets, where the
data can be queried over a repository. The data repository contains descriptionss of
more than 1000 refrigeratorr models: currently 1032 various models, employing 186665
triples.
By applying the data scrraping (see Section 4) for the 17 brands we created 42 ddocuments with the XML/RDF
F type. A list of all brands with their relevant characterisstics
can be found in Table 2. As each fridge has to be identified with its brand and moodel
name, these two elements are
a included in each table and file. Moreover, the sizes for
depth, height and width for most of the brands were extractable (15 - 17 times), whhich
is important information wh
hen people want to replace their old fridge with a new oone.
Furthermore, the capacity of
o the units (15 times) is an important criteria and is theerefore almost contained as weell. Similarly important is the freezer capacity, but this w
was
only available 10 times. Energy consumption and energy efficiency rating informattion
was lacking for all brands and
a as a result, could only be provided for 6 and 4 braands
respectively. We were also
o able to add the information about the design/refrigeraator
type separately on six occassions.
Tablee 1. Refrigerator Manufacturers’ Sources
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Table 2. Refrigerator Brands Table

6

Conclusion

In this paper, the motivation for building an ontology for storing energy consumpttion
data was shown. As energy
y prices will inevitably increase in the future, awarenesss of
energy use must be built. The
T developed Open Fridge ontology provides all necesssary
classes and properties for dealing
d
with the measurement data of systems, such as the
Plugwise measurement too
ols. The main structure of the ontology is defined by inntegrated, freely available onto
ologies. The instances have been acquired from the real life
resources of the Web, and were used to test the ontology by querying SPARQL
L on
them. The ontology was deeveloped in such a manner where an extension of it is poossible. Therefore, for future work, an extension for measuring other household apwith
pliances should be easily acchievable. The data acquisition also becomes simpler w
the available tool support, however,
h
to be usable as foreseen in the project, the dataaset
generated as descried still needs to be extended with further input from additioonal
resources or users. The lattter can be achieved for example applying crowdsourccing
techniques on the OpenFrid
dge portal, where the community would be providing and
cross-validating the missing
g information about brands and models’ features.
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