
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 

Adding large photovoltaic systems to buildings is becoming more and more popular. To date, the self-consumption/grid interaction 
is not typically part of the energy balance. The choice of symmetric or asymmetric primary energy factors has an impact on the 
balance. The primary energy factor for import from the grid depends on the chosen type of the power mix in the grid. If this factor 
is higher/lower than the primary energy factor of the on-site PV-system, a larger/smaller PV system than when using symmetrical 
factors is required in order to fulfil the NZEB balance.  
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1. Introduction 

The energy balancing of buildings is usually based on aggregated annual values. If the annual PV-yield is as high 
as the total annual energy demand, the building is called a Net Zero Energy Building (NZEB) [1]. With this approach, 
the time shift of PV-yield and energy demand is not considered in the energy balance. Fig. 1 shows the annual balance 
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for the autarky and self-consumption rates based on evaluation at different time step resolutions for a small apartment 
building (monitored values: 15 min). The annual PV-yield is higher than the annual demand. With a monthly or daily 
time step, the lack of winter PV-yield cannot be compensated with the summer yield. For evaluation at time steps 
shorter than a daily range, the mismatch of day and night is taken into account. The time steps of 1 min and 1 sec are 
extrapolated based on [2], [3]. In general, one can summarize the data given in Fig. 1 with “the shorter the time step, 
the lower the autarky and self-consumption rate”. Therefore, it is paramount to know the time step resolution for 
autarky or self-consumption rates. 

Annual and detailed monthly values for two time step resolutions are shown in Fig. 2. It can be seen that the implied 
autarky rate of the aggregated monthly values is twice as high as the autarky rate found for the 15-min balance. This 
clearly shows the high impact of the different time steps on the energy balance. 

 

 
Fig. 1: Annual balance of measured data based on different time steps (building description: [4], 20 kWp, ground source heat pump, 
mechanical ventilation with heat recovery, Minergie-P, three apartments, without electric vehicle, time span 05/2013-04/2014). 

 

Fig. 2: Annual and monthly values for autarky, grid import and grid export based on 15- min values (top) and aggregated monthly values 
(bottom), time span 05/2013-04/2014.  

Presently, the energy balance is based on aggregated annual values and energy carriers are weighted with primary 
energy factors or the Swiss national weighting factors. The factors are basically the ratio between primary energy and 
end-use energy at the gate of the building. This concerns delivered energy from an off-site source like e.g. electricity 
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