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Energy consumption by sectors 

Buildings and energy use 

3 

32% 

21% 3% 

44% 

France (ADEME, 2013) 

27% 

28% 11% 

34% 

World (IEA, 2012) 

Transport 

Industries Other sectors 

Residential 

68% 

10% 

6% 

16% 

France (ADEME, 2013) 

Heating/ Air conditioning Sanitary hot water 

Cooking 

Specific electricity (light, …) 

Energy use inside buildings 



Meso-scale models 

Rugosity 

Influence of obstacles 

 - Additional term in equations  

WRF (Skamarock et al., 2008) 

Meso-NH (Lafore et al., 1997) 

FVM (Clappier et al., 1996) 
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Walls, roofs & streets 
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Meso-scale – coupling with BEP-BEM  

5 

Δz 

meso 

WRF 

model 

UM 

θM 

QM 

fu  

fθ 

fq 

Fu, Fθ, Fq 

Courtesy of N. Blond 

Momentum 

loss 

Heat fluxes 

 

< 

Δz 

BEP 

< 
uu 

θu 

qu  



Governing Equations 

‘M’  – meso-scale value 

‘c’   – canopy value  

 ‘I’   – variable at centre 

‘U’   – wind speed (ms-1) 
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Validation of CIM 

7 

285,0

290,0

295,0

300,0

305,0

310,0

1 11 21 31 41 51 61 71 81 91 101 111

Data

CIM from LESO

Time (h) 

Potential temperature (K) at 2m 



Validation of CIM – Wind speed 
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Mauree et al., 2015 
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Coupling with citysim 
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Calculation of hc 

McAdams coefficient 

ℎ𝑐 = 2.8 + 3𝑈 
Mirsadeghi et al. 2013 

 

 

U – wind calculated w.r.t. to attack angle 

 

 

10 

Then calculate a «pseudo» ℎ𝑐
∗ for CitySim that accounts for a more precise 

wind profile 

 

ℎ𝑐
∗ =

ℎ𝑐(𝜃𝑖 − 𝜃𝑆)

𝜃𝑛 − 𝜃𝑆
 



Experiment 
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Simulation using a nested domain over Lausanne 

 

Resolution : 45km – 15km – 3km – 1km 

Duration : 14 days December 2010 

 



C.f. WRF-CIM and Meteonorm 
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Energy consumption 

• Significant difference in evaluation of energy use 

13 

  Energy consumption (kWh/m2) 

Meteonorm 19 

WRF+CIM 25 

Difference (%) 30 



Conclusions 

• Proper evaluation of energy use needed to define more 

precise development / planning scenarios 

 

• Enhance capability of existing tools to give enhance 

estimation at the neighborhood scale 

 

• Evaluation of building energy use with real meteorological 

data could help understand processes regulating the 

energy consumption from the building to urban scale 
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Future work 

• Two-way coupling with feedback to meso-scale model 

 

• Full year analysis of energy consumption 

 

• Increase from one building to whole neighbourhood 

• Implementation of methodology to account for varying building 

height 

 

• Evaluate the possibility of Renewable Energy integration 

in urban areas 
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Climate change 
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Urbanization 
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Domain size 

INTERACTIONS AT DIFFERENT SCALES 
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Meso-scale – coupling with CIM  
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Coupling with CitySim 
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COUPLING WITH CITYSIM – WIND ON TOP 
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Coupling with Citysim – Wind / PT AT 2M 
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