
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 

The ratio of self-consumed electricity to total electricity produced by a photovoltaic (PV) system depends on whether 
consumption and production match in time. A temporal mismatch can be partially overcome by buffering the energy produced by 
PV, e. g. in a battery. A key impact factor which affects the techno-economic performance of PV-battery systems is the 
household load profile, which may significantly change over the lifetime of the PV-battery system, but the effects of a changing 
load profile on e. g. the self-consumption ratio were not yet investigated. This paper shows on three different examples the 
possible changes over the 21 year lifetime of a typical PV-battery system. It is demonstrated that changes in the behavior patterns 
and the number of residents can cause the self-consumption to vary by more than a factor of 2 over the lifetime of the system. 
When dimensioning such a system e. g. for optimal return on investment over the lifetime or for a certain degree of autarky, not 
only changing energy prices, but also changing household structure and changing behavior of the household members should be 
taken into account.  
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1. Introduction 

The desire for increased self-consumption of electric power from rooftop photovoltaic (PV) systems and for 
higher autarky is one of the key drivers for the addition of batteries to PV systems [1]. The ratio of self-consumed to 
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total electric energy production from a PV system increases, the better consumption and production match in time. A 
temporal mismatch can be partially overcome by buffering the energy, e. g. in a battery. Therefore the load profile of 
the household (HH) must be taken into account for the sizing of PV and battery systems. While the PV-battery 
system remains constant over the years of operation, the household's load profile can change significantly, but, to our 
knowledge, the effects of a changing load profile were not yet investigated. In this paper the effects of a changing 
HH load profile on the techno-economic parameters share of self-consumption and degree of autarky are shown for 
three examples. 

 
Nomenclature 

DWD Deutscher Wetterdienst, Germany's National Meteorological Service 
HH  household 
LPG LoadProfileGenerator 
PV photovoltaic 
SCY scenario year 
Share of self-consumption: The share of electric energy produced by the PV system which is consumed by the 

household, either directly or after intermediate storage in the battery 
Degree of autarky: The share of the electric energy consumed by the household which is supplied by the PV-battery 

system 

 
In previous work, the performance of a PV-battery system for powering a household was examined [2, 3]. It was 

found that the performance highly depends on the assumed load profile and realistic results can be achieved only 
with an individual time series of the HH load, not with an averaged load profile. Also the step width must be short 
enough to appropriately model the short power peaks of typical HH appliances [4, 5]. 

Some publications use individual load profiles, too. E. g. [6] uses a HH load time series in 1 sec resolution from 
[7]. They note that the results depend “on the system configuration and the coincidence between the PV output and 
load demand”. The time series from [7] are very good representations of the real world, but the HH type which a 
time series belongs to is not known, so it remains open which of the time series in this source would be appropriate 
to model the effect of changing HH members and their behavior.   

There are many other publications on PV-battery system optimization, e. g. [4, 6, 8-10], but none of them 
investigated the influence of a household load profile changing over the years of system lifetime. 

The question arises, how large is the effect of changes in the HH members and their behavior on the performance 
of the PV-battery system.  

To answer this question, different load profiles are generated by a model which takes into account the household 
members and their behavior. The LoadProfileGenerator (LPG) developed in the thesis [11] and shortly described in 
section 2.1 was extended in this context for more easy modelling a series of years of a household with changing 
members and behavior.  

2. Methodology and basis data 

2.1. Short description of the LPG 

Most load profile generators are based on a probability approach, which in the most simple form consist of rules 
such as “Between 7:00 and 8:00 there is an 80 % chance of running the coffee machine for breakfast”. Since this 
simple approach yields unsatisfying results due to human behavior being much more complex than such simple 
rules, a lot of different models with various additions to the simple rules have been created. In [12] a good overview 
of the existing model approaches is provided. One of the approaches for improving the results is using activity 
probabilities instead of device probabilities, since e. g. by setting the rule that the TV and the set-top boxes are 
usually turned on together. Another one is modulating the activation probabilities by an occupancy profile to ensure 
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