
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 

Distributed Generation (DG) systems are becoming more common with increasing electricity prices and growing awareness of 
sustainable energy generation sources. Reticulation networks are typically planned, designed and operated to be purely passive 
networks that deliver electricity to consumers in a unidirectional manner (from source to load). The integration of DG into 
reticulation networks can alter conventional power flow within the network, as well as load parameters. The effects of DG on load 
and network parameters is investigated in this paper through the use of a developed hypothetical commercial reticulation network 
and load demand profiles. The introduction of a DG source at low levels of penetration was found to not significantly alter load 
parameters, although effects are noticeable. The largest variation in load parameters can be observed at high levels of DG 
penetration. Since load parameters (such as coincident demand) play an important role in the design of reticulation networks, the 
results obtained from this study indicate that current design procedures and standards for reticulation networks must be scrutinized 
when high levels of DG penetration are introduced. 
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1. Introduction 

Renewable energy DG sources reduce carbon emissions as well as the dependence on fossil fuels to generate 
electricity. Another factor that has contributed to the increased utilization of renewable energy DG is the decreasing 
cost of electricity generation from renewable energy generation sources, such as wind and photovoltaic (PV) systems, 
as a result of the progression of technology [1]. Distribution networks in the past were traditionally planned, designed 
and operated to be purely passive networks that deliver electricity to consumers in a unidirectional manner with 
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minimal, or no, monitoring and control capabilities [2]. In recent times the integration of DG into distribution networks 
has altered conventional power flow within the network resulting in bi-directional power flow which can impact load 
and network parameters [3].  

It is important to understand the effects DG has on load and network parameters, and if existing reticulation network 
design procedures and standards are suitable for the design of reticulation networks that will contain varying levels of 
DG penetration. Although the body of knowledge related to the integration of DG into distribution networks is vast, 
there is little research related to the design of reticulation networks with specific attention paid to DG.  

The key focus of this research is how DG effects load parameters when integrated into commercial retail reticulation 
networks. The load parameters that are investigated are load demand, coincident demand, demand factor, utilization 
factor, load factor, diversity factor, coincidence factor, load diversity, and loss factor. Factors that impact the technical 
performance of an electrical network are power losses, voltage regulation, equipment loading and utilisation, fault 
levels, stability limits, frequency and harmonics [4]. However, at a commercial retail reticulation network level, only 
certain network parameters are applicable and should be investigated. These parameters include the thermal rating of 
electrical equipment, reserve power flow capabilities of transformer tap-changes, steady-state voltage rise, and power 
losses. Supply voltage is regulated by electricity supply standards and national regulations; and is an important network 
parameter. It is for this reason that supply voltage was the only network parameter investigated in this paper. Load and 
network parameters for the reticulation network with no DG integrated are determined which forms the basis on which 
comparisons are made. DG, in the form of PV, was integrated into the reticulation network and penetration levels 
varied to investigate the effects of DG on load and network parameters.  

2. Hypothetical Network Model 

A hypothetical reticulation network is developed in this paper to investigate the effect of DG on load and network 
parameters. The load demand profiles are based on publically available load demand information [5]. Certain 
assumptions regarding network component capacities and sizes, as well as network topology, are made. The 
hypothetical reticulation network consists of five low-voltage loads that are supplied from a common step-down 
transformer. A load demand profile for each customer is developed. All profiles are assumed to be similar due to all 
customers being commercial retail electricity consumers. Maximum load demand and the length of the feeder cables 
to each of the customers are considered to be different in order to add variability to the network model. Commercial 
electricity consumers are modelled as voltage dependent loads [6]. A single line diagram (SLD) of the network 
outlining the topology and main components are shown in Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Commercial retail reticulation network single line diagram   
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