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LinkedData is the key paradigm of the SemanticWeb, a new generation of theWorldWideWeb that promises to
bringmeaning (semantics) to data. A large number of both public and private organizations have published their
data following the Linked Data principles, or have done so with data from other organizations. To this extent,
since the generation and publication of Linked Data are intensive engineering processes that require high atten-
tion in order to achieve high quality, and since experience has shown that existing general guidelines are not
always sufficient to be applied to every domain, this paper presents a set of guidelines for generating and publish-
ing Linked Data in the context of energy consumption in buildings (one aspect of Building Information Models).
These guidelines offer a comprehensive description of the tasks to perform, including a list of steps, tools that help
in achieving the task, various alternatives for performing the task, and best practices and recommendations. Fur-
thermore, this paper presents a complete example on the generation and publication of LinkedData about energy
consumption in buildings, following the presented guidelines, in which the energy consumption data of council
sites (e.g., buildings and lights) belonging to the Leeds City Council jurisdiction have been generated and pub-
lished as Linked Data.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Last years havewitnessed the growing interest ofmanypractitioners
in publishing semantic data on theWeb, mainly powered by the Linked
Data11http://www.w3.org/standards/semanticweb/data. initiative, the
key paradigm in the next generation of the World Wide Web called
the Semantic Web [1]. The concept of Linked Data comes from the
idea of using the Web to connect data and aims at transforming the
Web into a global knowledge base. The key concepts in Linked Data
are links between data from different data sets, which ensure that
data sets are not just isolated data islands and support data integration.

By describing the concepts in a domain and the relationships
between them, ontologies are formal representations of knowledge
about a certain domain and are the cornerstone of the Linked Data ini-
tiative since they are the formal models for representing data on the
Web. Ontologies contain different components (e.g., classes, properties,
instances and axioms), and can be implemented in various languages,

being the most widely used and accepted language the one standard-
ized by the W3C, the Web Ontology Language (OWL) [2].

The basic principles for developing Linked Data are the following2:
i) to provide URIs for each entity to be represented; ii) to provide
HTTP URIs for those entities; iii) to use web standards such as RDF [3]
for describing data; and iv) to include links to resources already avail-
able in the Web. In addition to these principles, in order to realize the
notion of Linked Data, not only data must be available in a standard for-
mat (i.e., RDF), but also concepts and relationships among data sets
must be defined by means of ontologies.

A significant number of energy-related companies posses data about
energy consumption, which is one aspect of Building Information
Modeling (BIM), that are represented in different formats (e.g., SQL,
CSV or XLS), have different update frequencies, and are accessed
through different means (e.g., web services or files). Furthermore, hav-
ing in mind that these data belong to private companies, legal aspects
such as licensing are of high importance [4].

The technologies and principles underlying Linked Data are success-
fully applied in various domains in order to enhance interoperability
among systems, and are starting to be applied to the architecture, engi-
neering and construction (AEC) and BIM domains. These opportunities
are being analyzed, discussed and promoted along different initiatives
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such as, for example, the LDACworkshop series.3More precisely, we can
mention thework carried out by Pauwels and Van Deursen [5] to trans-
form BIM data based on the IFC standard [6] into RDF. In this case, the
authors reported following no particular methodology and only the
development of ad-hoc wrappers is mentioned.

Other approaches focus on consuming and integrating existing
Linked Data data sets with AEC data in order to overcome interoperabil-
ity issues, such as the work described by Curry et al. [7,8] and by
O'Donnel et al. [9], or also acting as consumers and publishers of data
as the reegle data portal4 [10] in the energy field.

Linked Data generation and publication are intensive engineering
processes that demand high attention in order to achieve high quality
and, because of this, some general guidelines and best practices have
been developed to this date. However, Villazón-Terazas et al. [11]
argue that, although it is possible to have a general guidelines, practi-
tioners should rely on different techniques, technologies and tools for
a particular domain. Besides, Villazón-Terazas et al. [12] argue that
existing guidelines do not cover all the required steps with enough
detail and including the related technologies.

Furthermore, as experience has shown, generic guidelines are often
not sufficient to be applied in every domain. In order to overcome this
problem, more domain-specific guidelines have been developed with
the aim of addressing particular characteristics and of providing con-
crete domain-specific examples that help practitioners and Linked
Data adopters to better understand and use these guidelines. Examples
of such domain-oriented guidelines include guidelines for government
[12,13] or heritage data [14].

This paper aims at guiding through the process of developing Linked
Data related to energy consumption in buildings, including the process
of transforming the data available in any format into Linked Data and its
publication according to the Linked Data principles. To this end, it pro-
vides a methodology for generating and publishing Linked Data with
advice on design decisions. In this paper, we describe each task of
such methodology in detail through several important aspects, which
include a detailed description and the steps to be performed within
the task. Furthermore, where possible, we give a list of tools that help
in performing the task or some parts of the task, different alternatives
to perform the task, or we outline the best practices and recommenda-
tions that help in achieving a better quality in the task outputs.

The guidelines presented in this paper are general, in the sense that
they can applied to the broad spectrum of different scenarios. However,
these guidelines have been developed having in mind characteristics
that are specific and useful to the energy consumption in buildings sce-
nario [4,15]. These include data licensing, legal compliance, Smart Cities
and Open Data requirements [16], and concrete tools to be used.

Furthermore, the paper also presents an instantiation of the Linked
Data generation and publication methodology through the transforma-
tion into Linked Data of a data set about building energy consumption.
The selected data set comes from the Leeds City Council Open Data
office and includes data about electricity, gas and oil consumption
from various council sites (e.g., buildings and lights) belonging to the
Leeds City Council jurisdiction.

This paper is organized as follows. Section 2 expounds related re-
search efforts. Sections 3 and 4 present the Linked Data generation
and publication processes respectively, together with the Leeds City
Council example. Finally, Section 5 gives some concluding remarks
and discusses lessons learnt and future lines of work.

2. Related work

Differentworks have explored the advantages and potential of using
the Linked Data approach for integrating and enriching AEC data as

exposed by Pauwels and colleagues [17], Abanda and colleagues [18],
Madrazo and Costa [19] or, more recently, by Törmä [20]. Other related
work, such as the work by Törmä and colleagues exposed in [21], al-
ready points out specific research problems in this area (e.g., link-type
modeling and link generation). In this section we review existing
works regarding the generation of Linked Data in the AEC field and
also existing general and cross-domain literature about Linked Data
generation and publication.

On the LinkedData side, we shouldmention key publications such as
Heath and Bizer's book for driving the Linked Data generation and pub-
lication process [22] and consequent works such as the outcomes of the
LOD2 project [23]. These represent the starting point for following the
process of contributing to the LinkedData initiative; however, as argued
in the introduction, existing general guidelines do not provide specific
level of details and do not take into account specific characteristics of
a particular domain and related tools and techniques. To that extent,
some resources might be specialized depending on the field at hand,
as has happened in other areas (e.g., biology or cultural heritage)
where domain experts together with Linked Data developers have
accommodated tools, techniques, and guidelines to their specific
requirements.

In general we could state that Linked Data publication in the area of
building and construction data is in its infancy. Since experience unveils
that practices are too general and not enough to be directly applied to
every single domain, it still needsmethodological guidelines supporting
its evolution towards a mature and repeatable process and providing
clear examples in the domain at hand.

3. Linked Data generation process

This section presents the guidelines for the generation of Linked
Data for some existing data by describing the different tasks to be per-
formed in the process. Fig. 1 shows an overview of the generation pro-
cess; consecutive tasks and its inputs are represented with full lines,
while the inputs from non-consecutive tasks are represented with dis-
continuous lines. Outputs that are final resources are represented with
double lines.

The Linked Data generation process consists of eight tasks. After a
data source that will be transformed to Linked Data is selected and ac-
cess to that data source is obtained, the license has to be analyzed in
order to determine the terms of use. Next, the data source is analyzed
in detail and a resource naming strategy is specified. Afterwards, an on-
tology for describing the data is developed and the data is transformed
into the RDF format. Finally, generated data are linked to data from
other Linked Data data sets.

Next, we describe each task of the Linked Data generation process in
detail.

3.1. Select data source

Thefirst step of the LinkedData generation process is the selection of
the data source that will be transformed into Linked Data. Such data
source is usually owned by the organization and is selected depending
on the specific needs of the organization or the expected value to be ob-
tained. Alternatively, an organizationmay be interested in extending its
data with data from other sources not owned by the organization.

This task is achieved by first defining the requirements for the selec-
tion of the data source and, then, by selecting oneor several data sources
that satisfy those requirements.

3.1.1. LCC example
We specified several requirements for the example data: i) to in-

clude data about energy consumption in buildings; ii) to have a clear li-
cense stated and to be available for use; iii) to be represented in some
machine-processable format (e.g., Excel, CSV, XML); iv) to be easily

3 2014 edition http://linkedbuildingdata.net/events/ldac2014/.
4 http://data.reegle.info/.
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