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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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