
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 

Building regulations in Sweden require that an energy calculation is done for every building to show that the building design meets 
the maximum specific energy use as outlined in the Swedish Building Code. The result of this energy calculation is always one 
number, for example a building might use 89 kWh/m2 year when the building regulation requires 90 kWh/m2 year. This level of 
reporting can lead to conflicts if the measured energy use is over the calculated energy use. With the current tools you need to do 
a time-consuming  parametric study in order to see which risks are associated to the design and material properties. 
 
This paper is part of a project called “Calculation method for probabilistic energy use in buildings” and is developing and testing 
the application of Monte Carlo simulations using two popular energy calculation tools developed in Sweden. The goals of the 
project are; to look at which input parameters have the largest influence on the result; to begin defining a realistic spread of the 
most significant parameters; to study the advantages and disadvantages of probabilistic energy calculations; and to look at the 
discrepancies between calculated and measured energy use.   
 
This paper presents the results of the first stage of the study defining which input parameters should vary and defining a realistic 
spread of the values of these parameters. Out of all the input parameters in the case object, it was determined that the method should 
be tested with 16 parameters with variable values. This paper also presents the preliminary results of an energy calculation done 
on a real object using the variable parameters and 1000 iterations compared to the base calculation without Monte Carlo simulations. 
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1. Introduction 

1.1. Swedish Code and Practice 

Since July 1, 2006, building regulations in Sweden require that an energy calculation is done for every building to 
show that the building design meets the maximum specific energy use as outlined in the Swedish Building Code [1] 
[2]. The specific energy use is given in the units kWh/m2 Atemp year. Atemp, according to BBR, is the floor area which 
is heated above 10 °C. The building code also requires that the energy use of the building be followed up within two 
years after delivery. Since then, various stake holders have been very interested in the actual performance of the 
building compared to the calculated energy use. This has resulted in a numerous studies looking at the calculated 
versus measured energy use. Some examples of these studies can be seen in: [3] [4] [5] [6] [7] [8].  

The Swedish building industry had a difficult time after the implementation of the new building code based on the 
performance of a building. The new building code was very different and due to the lack of experience within the 
building sector, there were many failed projects in which the actual specific energy use was higher than the calculated 
specific energy use.  

An interesting study was done by Annika Nilsson [3] of the Bo01 housing expo in Malmö three years before the 
building code change. This study gave an indication of the challenges that the building industry had to face if they 
were to be successful in accurately predicting the specific energy use of a building. In the Bo01 case, all the buildings 
had a specific energy limit set to 105 kWh/m2 usable floor area per year so that all the energy used by the area would 
be covered by locally produced renewable energy sources. Unfortunately, the thesis showed that there was a large gap 
between energy calculations and measured energy use. None of the 10 buildings studied met their target. Most objects 
were between 40-60 % over their calculated values (pg 55). The worst case had an energy use of over 300 % higher 
than calculated. One of the biggest problems identified was the lack of good input data, pg 115. At this time there 
were not many studies about how much energy different aspects of buildings really used. Energy calculations before 
were not verified so it was difficult to find input data based on Swedish households. Additional weak points which 
were identified included problems with the solar gain calculations, lack of thermal bridges, wrong indoor temperatures, 
as well as a weak knowledge on how to make a building energy efficient by utilizing different components together. 
[3]  

An organization eventually evolved with the purpose of standardizing user data. Sveby, short for Standardize and 
Verify Energy performance in Buildings, was created with financing from the Swedish Energy Agency and 15 
stakeholders from the Swedish building sector with the purpose of defining different input data for energy calculations 
[9]. This has helped improve energy calculations greatly since the input data is based on measured input data.   

Sveby has also held two Energy Calculation Competitions, one for a multi-family building and one for a school. 
The objects in the calculation were real objects which had extensive measurement data. The competition tried to 
simulate the Swedish building process and different energy calculations were done for different phases in the building 
process. The final energy calculation was compared to the object’s real energy performance. The competition was 
used at a test for new input data. Their competitions have analyzed differences in energy calculations related to 
software, users, input data and methods used. The results varied about 11 % despite the same availability to input data 
and materials. The results also varied with different software. An important conclusion from the competitions is that 
the quality of the energy calculations depended on the individuals, and not the tools. Another important conclusion 
from the first energy calculation competition was that a safety margin of at least 10 %  [10], pg 32] was recommended. 
The conclusion from the second energy competition was that, while the spread between submissions was less than the 
previous competition, the safety margin should be twice as high when compared to the first competition (i.e. 20 %) 
because the school used less energy than the residential building [11].  [10] [11] 

1.2. Energy calculation programs 

One of the earliest energy calculation programs to come out for a computer in Sweden was a program called 
ENORM 1000 in 1988. The purpose behind this program was to compare the actual building against a reference 
building defined by the Swedish building code. If the actual house had a lower calculated energy use then it was ok. 
[12] 
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