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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 

A Large Eddy Simulation (LES) code using Lagrangian Dynamic Smagorinsky subgrid models was developed for the simulation 
of atmospheric stratified flows over topography for wind energy assessment purposes. In this article, the code, which uses separated 
dynamic procedures for the calculation of eddy diffusivities of momentum and heat, was used to simulate horizontally 
homogeneous flow in forest canopies, for both unstable and stable regimes. The results were in good agreement with both numerical 
and experimental results for stable stratified wind regimes but, as far as unstable regimes are concerned, there are still unresolved 
issues to be addressed. 
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1. Introduction 

Computer simulation of fluid flows (CFD) has been extensively used in many engineering fields, of which wind 
energy is no exception. CFD tools have indeed become the conventional tool in recent years for for the study of the 
wind behaviour in the vicinity of wind farms. Different Reynolds Averaged Navier-Stokes (RaNS) models have been 
used for this purpose though, as computer capabilities increase, more sophisticated models, such as Large Eddy 
Simulation (LES), are being increasingly used for this purpose. 
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The presence of different kinds of terrain canopies, namely forests, induce complex behaviour and turbulence in 
the wind flow and its models have been included in CFD tools [1]. In this work, the presence of forest canopy in a 
thermally stratified flow is modelled using a LES code with Lagrangian Dynamic Smagorinsky models. Results are 
compared with experimental and numerical results presented in the study [2]. 

2. Mathematical model 

2.1. Governing equations and turbulence modelling 

For the present work, the continuity, transport of linear momentum and dry temperature/potential temperature 
equations were simplified using the anelastic and Boussinesq approximations. The Large Eddy Simulation (LES) 
filtered fundamental equations used in the presented code are, 

    (1) 

   (2) 

   (3) 
with 

    (4) 

    (5) 

    (6) 

where (˜) represents the filter operation,  is the horizontally averaged fluid density of a background reference state 
(z-dependent in case of a stratified flow), ui is the i-component of the instantaneous velocity field, p’ the deviation of 
pressure from the reference state,  the dry temperature/potential temperature field,  represents average over 
horizontal planes, 0 the reference value of , g the magnitude of gravity acceleration, f the Coriolis parameter,  the 
molecular viscosity, Pr the Prandtl number, ij the Kronecker tensor and Fi, Sh the drag force and heat source in the 
forest canopy, respectively. 

The subgrid-scale stresses and heat fluxes were obtained using scale dependent eddy-viscosity dynamic 
Smagorinsky models (see [3], [4], [5], [6]) with Lagrangean averaging over pathlines [7]. In these subgridscale models 
the deviatoric part of the subgrid-scale kinematic stress tensor and the subgrid-scale heat fluxes are calculated using 

    (7) 
and 

    (8) 
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