
ScienceDirect

Available online at www.sciencedirect.comAvailable 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 15th International Symposium on District Heating and Cooling.

The 15th International Symposium on District Heating and Cooling

Assessing the feasibility of using the heat demand-outdoor 
temperature function for a long-term district heat demand forecast

I. Andrića,b,c*, A. Pinaa, P. Ferrãoa, J. Fournierb., B. Lacarrièrec, O. Le Correc

aIN+ Center for Innovation, Technology and Policy Research - Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal
bVeolia Recherche & Innovation, 291 Avenue Dreyfous Daniel, 78520 Limay, France

cDépartement Systèmes Énergétiques et Environnement - IMT Atlantique, 4 rue Alfred Kastler, 44300 Nantes, France

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 

In the framework of the Solar Decathlon 2017 in Denver, Colorado, the Swiss team will propose a community house powered by 
solar energy and smart grid interaction. Thanks to an integrated design with multi-oriented façades, which were boosted by 
customized opening gates equipped with c-Si PV panels and power optimizers, a net positive energy building has been realized. 
An energy management system has been implemented to monitor and control the 9.715 kWp PV system and the electrical storage 
of 10.8 kWh capacity. The realized microgrid has been modelled and simulations have been performed using hourly 
meteorological data. As first results, measured BIPV production during the building commissioning has been compared with the 
simulated production at Fribourg. 
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1. Introduction 

1.1. The U.S. Department of Energy Solar Decathlon 2017 

The Swiss Living Challenge (www.swiss-living-challenge.ch) is a project developed by more than 50 students 
from different backgrounds (engineering, architecture, communication, marketing, etc.) whose goal is to design and 
build an innovative sun-powered house to participate in the Solar Decathlon 2017 in Denver, Colorado 
(www.solardecathlon.gov). Launched in 2002 by the U.S. Department of Energy, this competition soon became the 
most internationally awaited and visible event in the field of the built environment of the future (more than 90'000 
visitors in 2015). Boosted by a strong collaboration between the École polytechnique fédérale de Lausanne (EPFL), 
the School of Engineering and Architecture of Fribourg (HEIA-FR), the Geneva School of Art and Design of 
Geneva (HEAD) and the University of Fribourg (UNIFR), our team will confront thirteen other universities to 
defend Europe's know-how in sustainable development. The aim of the project is also to launch strong and long term 
collaboration between universities and industrial partners.  

1.2. Passive building design and energy efficiency 

Designing an energy efficient and low consumption building was one of the main objective of the project. 
Therefore, some key elements were gathered in the passive design, such as a well-insulated and tight building 
envelope, windows providing sufficient natural light, zenithal windows providing natural ventilation and solar 
protections. Our building is a community house called ‘NeighborHub’  which comprises two main zones : a 
conditioned space called ‘Core’ where the comfort conditions must be very well controlled, and a tempered space 
called ‘extended skin’ providing less restrictive comfort conditions and allowing various collective activities to 
happen 50% of the year (see Fig 1. a, b).  In the concept, the extended skin is used for the electricity production with 
BIPV elements. 

 
(a)       (b) 

 
 
Fig.  1. (a) Plan view of the NeighborHub with the ‘core’ space (red) and the ‘extended skin’ space with BIPV elements (orange); (b) Shaded 
axonometric 9 a.m., Source U.S. Department of Energy Solar Decathlon competition 2017 Denver, Colorado, Delivrable D6 & D7 Swiss Living 
challenge. 
 

1.3. The strategy for energy production 

Nowadays, photovoltaic panels are mostly installed on roofs with optimum inclination and orientation to maximize 
the return on investment. Thanks to the dramatic drop of photovoltaic prices and the improvement of photovoltaic 
conversion efficiency, PV on facades now represent a good potential for PV production.  Moreover, with the 
territorial densification currently happening in most European countries, including Switzerland with its LAT (laws 
on land use planning), the solar potential of facades should be better exploited. Solutions to introduce new 
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