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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 measurement campaign was set up in Lausanne. The objective of this study is to define the importance of using local 
meteorological variables in the design of urban spaces and in the evaluation of building energy use. Urban simulation tools typically 
use average climatic data to calculate the convection coefficient, the building thermal balance and the pedestrian comfort. For this 
purpose, two simulation tools, a CFD model and CIM (Canopy Interface Model) are used to simulate the meteorological variables 
on the EPFL campus, Lausanne, Switzerland. The simulation results from the CFD model and the CIM are compared with the 
experimental data and both models provide trends that are in very good agreement with measurement. CIM can provide high 
resolution vertical profiles without significant computational resources and thus be used at an early stage in the design phase. The 
CFD should be used when a more precise local evaluation is needed. 
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1. Introduction 

The IPCC (Intergovernmental Panel on Climate Change) in their Fifth Assessment report in 2013 [1], stressed on 
the fact that there is clear proof that the current climate change is being caused by human activities. There is compelling 
evidence this is due to the release of greenhouse gases (GHG) such as carbon dioxide (CO2) from the combustion of 
fossil fuels to produce energy [1]. A large proportion of global energy demand has been related to buildings which, 
therefore, are one of the main sources of air pollution. Approximately half of the primary energy use in Switzerland 
occurs in buildings. Of this energy, about 30% is consumed by space heating, cooling, and water heating; 14% through 
electricity use, and 6% through construction and maintenance [2]. In addition, the building sector accounts for more 
than half of the CO2 emissions in Switzerland, which shows that it is among the most significant contributors to carbon 
emissions. This implies also that the building sector provides a real opportunity for a large improvement with regards 
to energy efficiency and reduction of CO2 emission. 

 
For the efficient planning of future buildings and districts urban planners need to have access to appropriate tools 

and information. For example, the future development of the EPFL campus will imply densifying the existing building 
stock [3], but the question still remains how to design the space in order to reduce the energy consumption while at 
the same time increasing the liveability of the outdoor environment [4]. 

 
It is now well known that the urban climate depends on a series of processes taking place at different spatial (from 

global to local) and temporal scales [5]; building energy demand and urban climate are also closely related and 
interdependent [6]–[8]. It is thus essential to have access to tools, which can evaluate - with precision - the interactions 
that exist between buildings, their energy use as well as the local climate. Several models have been developed in 
recent years to better represent the various phenomena influencing energy use and urban climate [9], [10]. Besides 
these models, CFD tools have been used to evaluate with more precision the turbulent processes in urban areas [11]–
[13]. One of the major drawbacks with these models is the lack of data to validate and the lack of comparison with 
real data from urban areas.  

 
Acronym 

CIM Canopy Interface Model 
CFD Computational Fluid Dynamics 
CO2 Carbon dioxide 
EPFL Ecole Polytechnique Fédérale de Lausanne 
GHG Green house Gases 
MoTUS Measurement of Turbulence in an Urban Setup 

 
For this purpose, a project (MoTUS) to monitor high resolution vertical meteorological profiles was set up. The 

aim is to determine the impact of urban areas / buildings on meteorological variables (such as wind or temperature) 
and to represent these effects when evaluating building energy use, air pollutant dispersion and renewable energy 
potential in urban planning scenarios. Such monitored meteorological data are scarcely available with high vertical 
resolution. Campaigns such as the BUBBLE (Rotach et al. 2005) observation period provided useful information and 
data to develop and generalize new parameterization schemes.  However, there is a strong need for such data in 
multiple configurations in order to develop new tools and methodologies which can then be used in the evaluation of 
building energy use.  

 
In the current study, we use two different modeling tools and compare them with data from the monitoring tower. 

We then define the most useful parameters influenced by the presence of buildings and how they can be simulated. 
We first give an overview of the two models used. In Section 3 we briefly explain the experimental setup, the type of 
instruments that have been installed and details related to their configuration. We then describe and discuss the results 
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from the simulations and how they compare with the monitoring. Finally, we conclude and give a few perspectives for 
the current study. 

2. Models 

2.1. CIM 

A one-dimensional canopy interface model was recently developed (D. Mauree 2014; Mauree et al. 2017) to 
improve the surface representation in mesoscale meteorological models and to also prepare the coupling with 
microscale models. For the purpose of this study, CIM will provide high-resolution vertical profiles that will be used 
as input for the control algorithm.  

CIM uses a diffusion equation derived from the Navier-Stokes equations but reduced to one direction only. 
Equation 1 is used to calculate the wind speed and potential temperature profiles.  
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where U is the horizontal wind speed in either the x-or y-direction, θ is the potential temperature, µt and κt are the 

momentum and heat turbulent diffusion coefficients 𝑓𝑓𝑑𝑑𝑠𝑠  and 𝑓𝑓𝑑𝑑𝑠𝑠 are the source terms representing the fluxes (from the 
surface or buildings) that will impact the flow.  

 
CIM solves for a 1.5-order turbulence closure using the turbulent kinetic energy (TKE). The TKE is calculated 

using Equation 3: 
 

𝑑𝑑𝑑𝑑
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𝑙𝑙 (𝑒𝑒∞ − 𝑒𝑒) + 𝑓𝑓𝑑𝑑𝑠𝑠     (2) 

 
where e is the TKE, λt is the diffusion coefficient (assumed here to be equal to µt), is a constant equal to 1, 𝑒𝑒∞is 

considered to be a stationary value of the TKE and 𝑓𝑓𝑑𝑑𝑠𝑠  is source term representing the additional production of TKE 
due to the obstacles. The momentum and heat diffusion coefficients are calculated using: 

 
𝜇𝜇𝑑𝑑 = 𝐶𝐶𝑑𝑑√𝑒𝑒𝑙𝑙 ;  𝜅𝜅𝑑𝑑 = Pr 𝜇𝜇𝑑𝑑   (3) 
 
where 𝐶𝐶𝑑𝑑  is a constant equal to 0.3. l is defined as the mixing length and is taken from Mauree et al., [10] to account 

to the obstacles density and height in the canopy. The CIM has been developed to function in an offline mode and can 
hence be forced directly at the top using traditional meteorological boundary conditions. 

2.2. CFD 

The EPFL campus within a 300m radius around MoTUS was digitally reconstructed in Rhino 3D.  The buildings 
were modelled in simplified rectilinear forms, which would be more suitable for CFD analysis.  The models were 
meshed and solved in ANSYS Fluent 18.0 (Fluent).  The mesh was constructed with tetrahedrons of minimum 5e-2m 
and maximum 15.0m in size.  The total number of elements was around 18.6 million, with maximum skewness of 
0.78, and average skewness of 0.23.  For the inlet boundary conditions, two wind speeds measured by MoTUS at two 
particular times (1 AM and 1 PM) were used; 7.12 m/s @ 232 dir. and 2.83 m/s @ 230 dir. respectively. 

 
The wind flows around EPFL campus models were defined as an incompressible fluid in Fluent using pressure-

based solver.  For the given simulations, the Reynold Stress (Linear Pressure-Strain) turbulence model was used.  For 
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the simulations, ANSYS Fluent solves the conservations equations for mass and momentum, and for additional heat 
transfer characteristics (an aspect not discussed in the current paper) it solves the energy equation.  The equations are 
as shown below: 

 
Mass Conservation:   

  
 (4) 
 

Momentum Conservation:  
 

, (5) 
 

and 
 
, (6) 
 

where, p is the static pressure,  is stress tensor, ρ�⃗�𝑔 is gravitational body force, �⃗�𝐹 is external body force, μ is 
molecular viscosity, and I is unit tensor.   

   

3. Experimental setup 

A 27m high mast was installed in September 2016 on the EPFL campus for the high resolution monitoring of vertical meteorological variables 
(motus.epfl.ch). Table 1 gives an overview of the different instruments installed while  

 
Fig. 1shows a schematic of the installation. 

Table 1. Instruments installed on the tower. 

Instrument Brand Type 
3D sonic anemometers Gill WindMaster 
Meteorological station Gill GMX 300 
Surface temperature sensor Optris OPTCSLT15K 

 

 

Fig. 1. Schematic of the MoTUS tower on the EPFL campus, Lausanne 
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4. Results and discussion 

4.1. CIM 

Two simulations were run using CIM for two particular time steps (01h00 and 13h00) on the 13th of January 2017. 
Buildings in this area of the EPFL campus have an average height of 10m and are considered to have a width of 30m 
and a length of 40m. The horizontal wind speed was averaged at an hourly time step from the data monitoring from 
MoTUS. Fig. 2(a) and 2(b) show the normalized horizontal wind speed as measured by MoTUS (in orange) and as 
calculated by CIM (in blue). It can be seen that in both cases CIM can reproduce the general trend quite well.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 2. Comparison of the normalized horizontal wind speed between MoTUS (pale blue) and CIM (dark blue) (1(a) 01h00 and 1(b) 13h00) and 
MoTUS and ANSYS Fluent (dark blue) (1(c) 01h00 and 1(d) 13h00). 

If we compare the different horizontal wind components calculated and measured by MoTUS (not shown here), 
there was also a very good agreement between the monitored and simulated data. It must however be highlighted that 
some discrepancies can be noted between the measured and CIM data. This can be due to a couple of reasons: (1) 
CIM does not resolve a 3D flow, hence the vertical component can induce significant draft that can impact the 
horizontal wind components. (2) An idealized description of the built environment is given to CIM. This obviously 
results in a simulation that can neglect some turbulent flows around the obstacles. 

4.2. CFD 

The results by Fluent show patterns coherent with MoTUS readings. It can be seen in both Fig. 2(c) and 2(d), that 
the results show greater similitude, especially above the building roof (H=10m). As the measurement point moves to 
the top, the airflow is less affected by turbulence, which is formed by the presence of the adjacent buildings. Thus, the 
wind velocity profile at lower levels has greater dependence on the adopted turbulence models and drag force 
definitions. Unlike the results by CIM, Fluent overestimates the speeds closer to the ground. In addition, greater 
discrepancies have been observed for the case of 13h00 with slower wind boundary conditions.   

 

 
 
 
 

(a) 01h00 (b) 13h00

(c) 01h00 (d) 13h00
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The discrepancies are also affected by a number of factors including the level of details in 3D models, meshing 
sizes and mesh element types with respect to the direction of flow.  Thus, on-going investigations will take place to 
explore the way to reduce the discrepancy between CFD results and the site-measure values by MoTUS in adoption 
of different turbulence models and drag force definitions among others. 

Conclusions 

An experimental setup for meteorological variables was installed on the EPFL campus, Switzerland. The aim of 
this study was to define which main meteorological variables are mostly influenced by the presence of buildings / 
obstacles in an urban setup and to define what kind of tools are needed at an early design stage of buildings. We 
showed from the measured variables that there is a significant distortion of the wind speed in the urban canopy. We 
compared two different models with the monitored data and demonstrated that with both CFD and CIM, it is possible 
to reproduce the general characteristics of the horizontal wind profile and its components. 

 
Future work should focus on the improvement of the drag force parameterization and also on the improvement of 

other turbulent flows in the CFD model. The experimental setup is typical of urban areas in most European cities and 
hence the results could be extrapolated and taken into account when constructing or when designing new energy 
efficient and sustainable areas. 
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