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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 122 (2017) 817–822

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the CISBAT 2017 International Conference – Future Buildings & 
Districts – Energy Efficiency from Nano to Urban Scale
10.1016/j.egypro.2017.07.412

10.1016/j.egypro.2017.07.412

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the CISBAT 2017 International Conference – Future Buildings & 
Districts – Energy Efficiency from Nano to Urban Scale

1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the CISBAT 2017 International Conference – Future Buildings & Districts – 
Energy Efficiency from Nano to Urban Scale.  

CISBAT 2017 International Conference – Future Buildings & Districts – Energy Efficiency from 
Nano to Urban Scale, CISBAT 2017 6-8 September 2017, Lausanne, Switzerland 

New simulation platform for the rehabilitation of residential 
buildings in Madrid 

S. Soutulloa*, E. Giancolaa, J.M. Francob, M. Botonb, J.A. Ferrera, M.R. Herasa 
aEnergy Efficient in Buildings Unit. Department of Energy, CIEMAT. Madrid, Spain 

bExtremadura Research Centre for Advanced Technologies, CETA-CIEMAT. Trujillo, Spain 

Abstract 

A new simulation platform has been created to quantify the energy response of existing residential buildings with different 
refurbishment strategies. This tool has been developed as a multi-step form wizard to select the simulation options. The energy 
improvements have been calculated through the coupling between TRNSYS and GenOpt. Output information is: annual thermal 
loads, monthly loads reductions and cost estimations. Four refurbishment options have been evaluated considering different 
combined actions. The renovation of the building envelope is the most expensive action with the highest annual savings while the 
behavior of inhabitants is the cheapest option with the lowest annual savings.  
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the scientific committee of the CISBAT 2017 International 
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1. Introduction 

According to the 2010 European Directive related to the energy performance of buildings, this sector represents 
one of the main energy consumers with more than 40% of the final energy consumption and 33% of the low carbon 
emissions in the Union [1]. Residential buildings accounts for over 60% of total energy consumption in the 
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buildings sector [2]. In Spain, the energy consumption for thermal conditioning residential buildings is about 48% of 
the total energy use [3]. Most of these dwellings have registered poor energy performances, so the application of 
refurbishment options has a great potential for increasing the energy savings and reducing their environmental 
impact [4, 5, 6]. Therefore, at the citizen level, a lower energy demand not only leads to economical savings but also 
contributes to the sustainable development of their cities. With this aim, the research Spanish project PRENDE [7] 
has been carried out a citizen-oriented service based on Information and Communications Technologies at 
neighbourhood scale. As a part of this service, a software tool which gathers the initial simulation options, queries 
the simulation database and generates a simulation report, has been developed. The energy savings have been 
obtained through the coupling between TRNSYS [8] and GenOpt [9]. This platform promotes the benefits of the 
refurbishing existing buildings in Madrid to improve the energy efficiency and recommends the best practices to 
reduce the energy demand. 

2. Description of the tool 

2.1. Internal database 

The studied dwellings are placed in Madrid, characterized by semi-arid climatic conditions (Köppen-Geiger 
coefficient: Csa) with mild cool winters and hot summers. To analyse the energy performance of them, 
representative models that symbolize the main typologies of Madrid were selected. Different criteria related to 
shape, year of construction, constructive parameters, ratio opaque walls and windows, outdoor facades, shadings, 
conditioning area or end-uses were considered. This information was provided by the public centre Empresa 
Municipal de la Vivienda y Suelo de Madrid, dependent of the city hall of Madrid; and the construction company 
Ferrovial Agroman. Four building cases and three boundary conditions (position of dwelling: ground, middle and 
roof floor) were selected. According to the Spanish Building Code requirements for the residential buildings [10], 
twelve TRNSYS [8] models were developed considering the following hypotheses: 

 Contact with other conditioned dwellings is considered as boundary condition with identical temperatures. 
 Ground is modelled as adiabatic zone (monthly temperature variation provided by [10]). 
 Free running conditions: no internal gains but set points temperatures have been fixed. 
 Constant infiltration rate set to 0.8 ac/h [10]. 
 Two conditioned periods: summer (June to September) and winter (from January to May and October to 

December). 

One existing meteorological year was selected as the representative weather of Madrid [12]. This file was used to 
identify the proper refurbishment actions by means of Givoni bioclimatic charts [13]. Once these actions were 
selected, several series of simulations were executed to analyse the energy performance of dwellings. This 
assessment was done through the coupling between TRNSYS and GenOpt. The base cases of each dwelling were 
modelled with TRNSYS, indicating the refurbishment variables and the objective functions to be studied. The 
analysed variables are: azimuth, envelope characteristics, insulation, windows, shade, ventilation and set point. 
Three objective functions were calculated: heating, cooling and annual loads (conditioning thermal loads throughout 
the year). GenOpt [9] was used to parametrize the energy response of the TRNSYS models to fluctuations of the 
refurbishment variables, varying only one of them while the rest remain constant. The thermal needs obtained by 
each case feed the database that is going to be the engine of the new tool. 

2.2. Architecture of the new tool 

The simulation tool consists of two modules: 1) a RESTful [14] web service which exposes the content of the 
simulation database through and Application Programming Interface (API) and 2) a web application which acts as a 
front-end, gathering input data from users and interacting with the web service to collect the information needed to 
generate a simulation report as an output.  
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