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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

This paper presents the ENERSI platform, an energy information system that provides advanced energy services by means of 
integrating energy related data from multiple domains and formats using Semantic Web technologies. The platform services can 
provide qualified information at different scales – from building to district, city and region – to different kind of users – such as 
building owners, city planner, energy agencies, architects, contractors and consultants – to take decisions aimed at improving the 
building energy performance in their respective decision-making realms. 
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1. Introduction 

One of the main objectives of a smart city is to improve the energy performance of buildings. Buildings are 
responsible for 40% of energy consumption and 36% of carbon emissions in the EU [1]. In order to adopt the 
appropriate measures to improve the energy efficiency of the building stock, the different agents involved in building 
refurbishment – among them, owners, energy providers, facility managers, design teams, local administrators and 
private developers – need to have reliable data that enables them to assess the actual performance of buildings in order 
to analyse them and draw meaningful conclusions to help make better informed decisions. 

Nowadays, energy related data is dispersed in numerous proprietary and open data sources and it might have 
different levels of quality. These data are continuously changing, since cities are dynamic systems in continuous 
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transformation. Therefore, continuous access to reliable data sources from multiple domains and applications and their 
integration are fundamental in the creation of an energy information system. Having information about the actual 
performance of buildings is not only necessary to upgrade the building stock, but also to implement policies at different 
urban scales, and to strengthen local business activities through the exploitation of the integrated data. For example, 
manufacturers of insulation materials might be interested to know in which city districts they could market their 
products.   

In recent years, several energy information systems have been developed which make use of multiple data sources. 
The REEGLE project has collected energy-related data from different sources (e.g., the World Bank and International 
Energy Agency among others) [2]. The data integrated by REEGLE are based on statistics of building properties and 
building performance at the national level. These kinds of data are important for decisions taken at a political level. 
However, more detailed data is needed to get to know the energy performance of buildings within an urban area.  

In the INSMART project, a GIS-based energy information system has been developed which includes data obtained 
through door-to-door surveys. Furthermore, smart meters have been used to simulate the energy demand for a dozen 
building typologies in four cities [3]. Gathering survey and monitoring data requires a high amount of resources, so it 
is difficult to scale up such data acquisition process to a whole urban area. Using building typologies can help to assess 
the energy performance of buildings that have not been surveyed or monitored. However, the accuracy of the energy 
simulation for a building type is not same as that which could be achieved by making a simulation for each building.  

These limitations can be overcome, and the accuracy of the energy data of buildings can be increased, provided 
that building data is available. For example, the energy performance certificate (EPC) of buildings provides 
information about the efficiency of a dwelling or building as well as recommendations to improve it. EPCs are 
determined from the physical characteristics of the buildings by means of a simulation tool. Even though the 
simulation is done with simplified methods, the results are much more accurate than those obtained from building 
typologies or statistical data. Nowadays, EPCs data are increasingly available as a result of the adoption of the Energy 
Performance of Buildings Directive 2010/31/CE [4] which requires EU member states to facilitate residents with the 
information about the energy efficiency of their dwellings. 

In the RÉPENER project (http://arc.salleurl.edu/repener), a semantic energy information system named SEÍS 
(http://www.seis-system.org) was created which integrated data from EPCs, building monitoring data, and geographic 
data using Semantic Web technologies [5]. SEÍS provides specific services to building owners, designers, facility 
managers, and energy experts for buildings located in Catalonia. At the time of developing RÉPENER, the number of 
certificates that the Catalan Institute for Energy (ICAEN) could facilitate was not very large (only around 200 
certificates). Besides, the information contained in the EPCs was not as comprehensive and detailed as it is nowadays.  

Following the results achieved in RÉPENER, the objective of ENERSI, a project co-funded by the Spanish National 
R&D Plan 2014-2017, has been to design and implement a platform which facilitates access to energy information to 
organizations and customers by means of ad-hoc services customized to users’ needs. The ENERSI platform integrates 
data sources from multiple domains and formats to provide advanced energy services using Semantic Web 
technologies. The platform provides quality information to enable different users’ types to improve the decision-
making process in their respective realms. Currently, the ENERSI energy information system contains data from over 
400,000 EPCs issued in Catalonia, enriched with data from the Spanish cadastre, geographical data, census sections, 
technical building inspections, catalogues of refurbishment measures, and building renovation assessment tools. Even 
though the current implementation is circumscribed to the Catalan territory, these services can be scaled up to the 
whole of Spain and even to other European countries. 

2. The ENERSI platform: an energy information system 

ENERSI is an energy information system (EIS) that provides advanced services to different agents by integrating 
data from multiple domains and format; services that can be tailored according to particular needs of users. The data 
that potential customers of the platform’s services provide is enriched with the data already contained in the platform. 
One of the main challenges of the ENERSI platform is to integrate data which are usually stored on proprietary 
databases that have been designed for specific applications and purposes and whose reuse or sharing is difficult. 
Furthermore, data structures are usually known only by the developing team who created the database or by the data 
owner who is usually the domain expert. Thus, the schemas of the data structure are not generally available, and if 
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they exist, they are not provided in a standard format which can be processed by humans and machines. The application 
of technologies of the Semantic Web enables the integration of data from different sources (e.g. relational databases, 
spreadsheets, text files, web pages) using standard languages such as RDF, OWL, and SPARQL. Besides, these 
technologies are useful to solve interoperability issues between data, applications and users. Semantic data integration 
solutions are based on providing a shared understanding of the meanings associated to the data derived from multiple 
sources and produced in various domains. 

2.1. Integration of energy related data 

The energy information system developed in the ENERSI project integrates data from multiple sources, formats, 
and domains including data from energy performance certificates (EPC), cities, land registry, census section, 
refurbishment policies, and retrofitting measures simulation tools. 

The main source of data is the Catalan Institute for Energy (ICAEN) which collects energy performance certificates 
of dwellings and buildings in Catalonia. An energy performance certificate describes the behaviour of a dwelling in 
terms of energy. The dwelling modelled within an EPC has a comprehensive list of attributes such as: general 
information (e.g., year of construction, address, and building use), physical and thermal properties of the construction 
components (e.g., thermal transmittance of walls and windows, solar gain factors), HVAC systems (e.g., efficiency 
and power), energy consumption and carbon emissions (for heating, cooling, and lighting). These data are stored by 
the ICAEN in an Oracle database which contains around 400,000 EPC registers at present. 

Data about cities and towns has been obtained from the Spanish gazetteer provided by the Geographical 
Information National Institute (CNIG). It contains data from the populated areas of the Spanish territory including 
their population, area, elevation and geospatial information (i.e., latitude, longitude, and altitude). This data source is 
a comma-separated values (CSV) file that contains nowadays more than 8,000 records. 

Data about the parcels of land have been obtained from the Spanish cadastral agency which provides data of parcels 
such as the use (e.g., residential and tertiary), address, year of construction, list of constructive units within the parcel 
(e.g., apartments), list of provinces and municipalities, coordinates (i.e., longitude and latitude), and a picture of the 
built plot. These data can be accessed through an open web service. 

The National Institute of Statistics (INE) collects data about the census sections for the Spanish territory. Each 
census section is a part of a municipality which holds between 1,000 and 2,500 inhabitants. The sections are 
characterized by some demographic indicators (e.g., number of inhabitants) and the area limits. The data are stored as 
a shape file which contains more than 30,000 sections in the whole Spain. 

2.2. Semantic data integration process 

These various data sources have been integrated in the ENERGY information system using semantic technologies. 
Typically, a semantic integration process encompasses four steps: 1) Development of an ontology that formalizes a 
shared understanding of the meaning associated to the data from various sources and domains, 2) Generation of 
mappings between the ontology and the data sources, 3) Transformation of the data sources into RDF, and 4) Data 
cleansing and enrichment. The process is not linear, and sometimes is necessary to go back and forth along the stages.   

Step 1: Ontology development. An ontology has been created in the ENERSI project to be used for modelling the 
datasets that represent the building’s energy performance. Some data are defined following the national Technical 
Building Code [6]. The ENERSI ontology has been collaboratively created by domain experts and ontology engineers 
using the Click-On editor [7]. The ontology comprises 147 concepts and 202 properties of the building energy 
performance domain. 

Step 2: Mappings generation. Mappings are relations between the data sources (e.g., tables and columns) and the 
ontology (e.g., classes and properties). The generation of mappings is a process that requires knowledge about a 
specific domain (e.g., building energy performance) and knowledge of the mapping language (e.g., R2RML), 
advanced computer skills (e.g., in SQL), and expertise in ontology design. The Map-On editor – a tool we have 
developed to automatize mappings – has been used to generate the mappings. With this tool it is possible to hide the 
complexity behind the creation of mappings, thus enabling the collaboration of ontology engineers and domain experts 
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thanks to its graphical environment [8]. A total of 31 mappings between the data sources and concepts of the ontology 
have been generated and 65 mappings between the data sources and properties of the ontology have been identified. 

Step 3: Data source transformation. The transformation of the data sources into RDF is based on the mappings 
generated in the previous step. The mappings have been executed by Morph-RDB, a RDB2RDF engine which 
generates RDF data from a relational database according to the R2RML mapping descriptions [9]. Each data source 
is translated into RDF graphs which are stored in a triple store (e.g., Universal Virtuoso server). Data integration is 
ensured because the data sources use the same ontology to represent a domain and are stored in the same place. 

Step 4: Cleansing and enrichment. Once the RDF graphs are stored in a triple store, they can be cleaned and 
enriched. This work is necessary because more often than not there are errors in the data source. For example, there 
might be properties with invalid values such as the year of construction, and misspellings in the names of cities and 
towns. The RDF graphs of the EPCs have been enriched with data obtained from the cadastre such as the number of 
floors and the normalized address. Moreover, a census section has been assigned for each EPC checking if the EPC 
coordinates are placed within the limits of the census section. The data transformation, cleansing, and enriching 
process described above is invoked each time a data source is dumped in the system (once per month). 

 

  

Fig. 1. Data explorer of the ENERSI platform: Map visualization an energy indicators. 

2.3. Analysis of energy-related data 

The ENERSI platform includes a data explorer which enables experts to analyse data with a dashboard to generate 
chats and reports. For example, experts can detect the buildings with greater consumption and high potential of energy 
savings which are candidates for a retrofitting project, propose improvement measures and quantify their costs and 
energy savings, compare the current and future performance of the building stock, prioritize the retrofitting 
interventions, and elaborate an energy efficiency action plan, among others. 

The data explorer comes with different visualization options (Fig. 1). The EPCs are grouped and displayed in a 
map as concentric circles where the outer circle refers to the energy efficiency rating (from A to G), the middle circle 
to the construction year, and the inner circle to the building use. The EPC data can be filtered by parameters such as 
the name of the city where buildings are located, year of construction, number of floors, and energy consumption, 
among others. Once the buildings are filtered, the indicators can be visualized in a map or in a list (Fig. 1). A detailed 
report of each building can be displayed which includes data from multiples sources (e.g., EPC, cadastre, census, 
demographic statistics). Moreover, the user can analyse a building using other visualizations modes such as a bubble 
diagrams in which a bubble stands for a group of buildings (for example, grouped by use or construction year). These 
bubble diagrams are useful to identify groups of buildings that have a high retrofitting potential. The indicators used 
in the graph may be customized by the user: the size of the building may represent the number of buildings or the total 
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amount of surface of the buildings of the group, and the location of the bubble is related to indicators such as carbon 
emissions and energy demand. Once a bubble is selected, more detailed indicators are displayed as pie-charts (Fig. 1).  

3. Tailored energy services 

The flexible and open nature of the ENERSI platform enables the creation of energy services for various kind of 
users such as a citizen or a technician in a city department. To demonstrate the potential of the platform, two services 
have been created: one for building owners to assess the energy performance of their properties and the convenience 
of undertaking a renovation, and another for city planners to identify the areas in their municipality with the highest 
renovation potential.   

ENERHAT†: Renew your property. The goal of this energy service is to provide qualified information to building 
owners to make decisions with regard to the refurbishment of their properties. The service helps them to answer 
questions like: could the energy efficiency of my building be improved? What can I do to improve it? Where can I 
find help to finance the works? To answer to these questions, the service guides the user through five steps. In the first 
step, the user searches the EPC of the dwelling by introducing the address. Once the EPC is located, in step two the 
user gets information about the performance of a dwelling as compared to similar ones. Two dwellings are similar if 
they share attributes such as construction year, building use and climate zone. The owner can visualize how well the 
dwelling is performing by comparing it to similar buildings. This information can help to decide implementing 
retrofitting measures, for example, adding insulation to external walls, changing heating systems, and adding 
photovoltaics panels. In step three, the impact of the refurbishing is assessed with an external tool provided by the 
ICAEN‡. The user can select which measures to adopt after considering the energy savings and costs. In the fourth 
step, the user can visualize the public funding options to undertake a renovation. Finally, in the fifth step, the user 
obtains a summary of all the previous steps which can be downloaded in a document. 

 

 

Fig. 2. ENERPAT: Renew your city energy service. 

ENERPAT§: Renew your city. The target users of this service are typically experts working for the administration 
(urban planners, policy makers, politicians) who need to know how the building stock is performing – in terms of 
energy consumption and carbon emissions –in certain urban areas, the renewal potential of the buildings in those 
areas, in which areas is more adequate to carry out refurbishment projects, and how these projects can be implemented. 
 

† http://www.enersi.es/enerhat (Accessed 17/10/2017) 
‡ http://simuladoredificis.icaen.gencat.cat (Accessed 17/10/2017) 
§ http://www.enersi.es/enerpat (Accessed 17/10/2017) 
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The services guides the user through four steps. In the first step, the expert finds the area of interest, typically a city, 
town or district. Once the area is located, the census sections are displayed in a map where the colour is related to the 
most common energy label in that area. The user can visually compare how this urban area is performing with regard 
to nearby areas (Fig. 2). In the second step, the service summarizes the building performance in the area in a bubble 
diagram. The user can focus on one type of buildings – such as those that have a D label – to know the investment 
needed to carry out retrofitting measures and the energy savings achieved after the renovation of all of those buildings 
in the area. In the third step, the user obtains a more detailed information of the retrofitting measures such as the return 
of invest and the maintenance costs, among others. Finally, in the fifth step, the user obtains a summary report of the 
previous steps.  

4. Conclusions 

This paper presented the ENERSI platform, an energy information system which integrates data from multiple 
sources to provide quality information to different kind of users to help them to take better informed decisions aimed 
at improving the building energy performance. Two services have been implemented to demonstrate the potential of 
the platform: one for building owners who want to refurbish their property, and another for city authorities who want 
to upgrade urban areas in their cities and need to implement policies to encourage building retrofitting. 

The quality of an energy information system depends on the accuracy, validity, reliability, timeliness, and 
traceability of the data. Since the quality of the data is not guaranteed, the ENERSI platform includes internal processes 
to clean and enrich data sources based so that it can be properly analysed and exploited by third parties. The 
commitment of data owners is important (in particular, public authorities) to facilitate data access and sharing. The 
implemented services would cease to make sense as soon as the data on which they operate became out-of-date or 
unreliable. A widespread use of these services expected in the coming months, which will help us to know their 
efficiency and the level of acceptance among the targeted users. The next steps in the project are to develop additional 
tailored services to other types of users, for example, for manufacturers of components for building refurbishment 
who would like to know in which areas they can market their products. 
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