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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 materials are usually characterized in stationary or almost-stationary conditions and mono dimensional heat flow regime. 
The existing standards (such as ISO 9869 or EN ISO 6946, EN 12664, EN 12667, ISO 8302 etc), require experiments carried out 
in steady-state conditions, with a very fine control of the measuring parameters with the aim to apply a simple and reproducible 
procedure for the determination of thermal properties. However, the thermodynamic conditions that lead to a steady-state operating 
mode and mono dimensional flow are very difficult to obtain (in real conditions) or very expensive and time consuming (in climate 
chambers). In this paper the authors present the development of a method for thermal characterization of building components, 
inferring the steady-state conditions, when only measures in transient conditions are available. The method, based on an adaptive 
linear neural network (ALNN) model also could be have the potentialities to determine the thermal diffusivity from a significant 
transient behavior ad hoc imposed. The study targets multilayered walls homogeneous and the results are compared with the 
experimental data measured by a climate chamber that operate according to the standard EN 12667 
 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the AiCARR 50th International Congress; Beyond NZEB 
Buildings. 

Keywords: Transient test conditions; Artificial neural networks; thermal properties identification, inverse problem 

1. Introduction 

Recently, a growing interest on the adoption of EU Directives in the field of buildings and constructions can be 
noticed. Consequently, professionals are forced to take care limit performance requirements that the new buildings 
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must ensure concerning energy, acoustics, lighting and more in general environmental and economic impacts. The 
European board has recently issued the EU directive “roadmap for moving to a competitive low carbon economy in 
2050 [1,2] which lays down recommendations to achieve, by 2015, the 80% reduction of greenhouse gas emission 
compared with those of 1990. 

 
Nomenclature  

Physical quantities 
T Temperature throughout the thickness of the wall, [°C] 
TH Temperature in correspondence of the hot side of the wall, [°C] 
TC Temperature in correspondence of the cold side of the wall, [°C] 
T0 Temperature throughout the thickness of the wall at initial time, [°C] 
QH Heat flux flowing through the hot side the wall, [W/m2] 
QC Heat flux flowing through the cold side the wall, [W/m2] 
 
Greek symbol 
λ Equivalent thermal conductivity of the wall, [w/mK] 
cp Specific heat capacity at constant pressure of heat-transfer fluid, [W/(kgK)] 
ρ average density of the wall, [kg/m3] 
α Thermal diffusivity, [m2/s] 
 
Simulated quantities 
Q̇�,���� numerically simulated heat flux by neural Neural Network model [W/m2] 

 
In the light of the above task the EU has also defined a strategy for coherent re-search with these objectives. The 

Strategic Energy Technology (SET) Plan, [3] and the Communication "Investing in technologies low-carbon [3], 
represent the technological pillar of European policies on energy and climate change. One of the immediately 
applicable strategies to reach by the goal is the energy efficiency of buildings, as provided for by [4] which introduces 
and defines the edifice NZEB "nearly zero energy building". and prescribes a set of calculation procedures [5 - 7] 
which in turn require input certified data.  

Three approaches can be applied o estimate U-value in situ, directly on existing buildings [8]: 
1. Estimation based on data obtained by “reference buildings” [9] which represent the characteristics of large groups 

of buildings, classified according to age, size and other specific features. It suffers the increased uncertainty about 
availability of statistical data on the historical sample of buildings and the lack of an accurate knowledge of materials 
and of the layers constituting the wall;  

2. Estimation based on the nominal design data according to ISO and ASTM standards [7] and [10 - 13];  
3. In situ measurements using heat flux meters, whose main error sources may result from the variation of climatic 

parameters, heat flow and from the temperature gradients through the investigated component during measurements 
[14]. 

A fourth approach involves laboratory measurements on samples taken directly "in situ" or reconstructed on the 
basis of an endoscope method. For such a purpose, the existing standards require the use of specific equipment as 
guarded hot plates [15 - 17], calibrated and guarded hot box [18 - 20] or heat flux meters [16, 17] and experiments 
carried out in steady state conditions with a very fine control of the measuring parameters. The aim to apply a simple 
and reproducible procedure for determination of thermal properties. These methods rely on efficient control of climate 
parameters, allowing the achievement of almost steady-state operating mode in test environments; but, on the other 
hand, they suffer from the thermal inertia of the envelope component under investigation that causes very expensive 
and time consuming tests. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.11.150&domain=pdf
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